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PREFACE 

The translation of Kronig and Friedrich's book, *'Die physikal- 
ischen and biologischen Grnndlagen der Stralilentherapie," was 
made in response to innumerable requests of English-speaking phy- 
sicians interested in radiation therapy. The monograph was the first 
to give a complete presentation of the scientific principles underlying 
this new branch of the specialties of medicine and surgery. By the 
correct application of these facts it is now possible to discard the 
empirical uncertainties of the therapeutic use of radiations and re- 
place them by scientifically correct methods. 

To bring the book to date the various investigations, carried on 
since its publication in 1918 in the Physical Institute at Freiburg by 
W. Friedrich and his associates and assistants, Ofto Glasser, Hans 
Korner^ M. Bender, Erich Huth and Henry Schmitz, have been added. 
Thereby the monograph has attained added value, as it gives inf or- 
mation demonstrating the importance of Kronig and Friedrich 's 
work on the progress of radiation therapy. 

The translation was undertaken in a spirit partly of reluctance 
and partly of enthusiasm. Reluctantly because the task of transla- 
tion is a difficult one if the translator endeavors to adhere closely 
and truthfully to the original text. Enthusiastically as by the publi- 
cation of an English edition a tribute is paid to the untiring work 
of the late Prof. Kronig, whom we must regard as one of the fathers 
of radiation therapy. To his farsightedness is due the fact that the 
trained physicist has become associated with the clinician in the cor- 
rect and scientific solution of the many problems of radiation therapy. 
The translation also serves as a tribute to the important work per- 
formed by Friedrich in association with Knipping in Prof. v. Lane's 
laboratory relative to the determination of the nature of the X-rays. 

It is confidently expected that the book wiU be a worthy compan- 
ion to the many important publications of similar investigations 
made by American physicists and physicians ; that it will materially 
contribute to the development of radiation therapy in our country, 
and that thus suffering humanity may be immensely benefited by the 
newer therapy of radiation treatment. 

Finally I express my appreciation to Dr. Gerald L. Wendt, Dr. 
Frank H. Doubler, and to my secretary, Miss Emma L. Harter, for 
their valuable assistance in correcting the manuscript, 

I thank the publishers for their unselfish attitude in publishing 
the monograph. 

HENRY SCHMITZ. 

Ohieago, HL 
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VORWORT ZUR AMERIKANISCHEN AUSGABE 



Die Erkenntnis dasa eine erfolgreiche Forschimg auf dem Gebiete 
der StxEJilentlierapie nur moglich ist, wenn Biologe iind Physiker 
zusammen arbeiten, hatte B. Kronig veranlasst mich nach Freiburg 
zn ruf en. Die Friichte der gemeinsamen Arbeit der Jalire 1915-1916 
haben wir in den *'Physikalisehen nnd biologischen Grnndlagen*' 
znsammengestellt Die Gegenwart hat bewiesen, dass Kronig 's 
Erkenntnis die richtige war. Die Fortschritte auf dem Gebiete der 
Strahlentherapie sind in den letzten Jahren ansserordentlicbe. 
Leider war es meinem hochverehrten Mitarbeiter nicht mehr moglicli 
die Anerkennmig seines Bnches zn erleben. Er wnrde vor dem 
Erscheinen des Bnches dnrch eine tiickische Krankheit dahingerafft. 

Die Wissenschaft ist international. Der Weltkrieg hatte die 
Volker* getrennt. Nor sparlich war ein Austausch der Forschnngs- 
arbeiten moglich. Jetzt nach Beendignng des Krieges ist die 
Moglichkeit gegeben, dass die Gelehrten der beiden Lander wieder- 
nm in wissenschaf tlichen Kontakt kommen. Der Aofang ist gemacht. 
Schon 1920 konnten wir eine AnzaM amerikanischer Forscher in 
Freibnrg begriissen, die gekommen waren, mn die alten wissen- 
schaftlichen Beziehnngen wieder anznkniipfen. Anch hier gilt ja 
der Grnndsatz, dass Znsanmienarbeit die Forschnng fordert. Ich 
begriisste es daher ansserordentlieh, als Herr Prof, Dr* H. Schmitz 
ans Chicago mir den Vorsclilag machte nnser Werk in die englische 
Sprache zn iibersetzen, nm es den amerikanischen Gelehrten zn- 
ganglicher zn machen. Die Personlichkeit des Herrn Dr. Schmitz 
Hetet mir voUanf Gewahr, dass die Ubersetzung mustergiiltig sein 
wird. 

In einem Anhange sind einige weitere Arbeiten angefugt ans 
dem gleichen Wissenszweig, die in der letzten Zeit im radiologischen 
Institnt der tJniversitat Freibnrg gemacht sind, nnter diesen eine, 
die Herr Dn Schmitz in meinem Institute ansfiihren konnte liber 
die Isodosen einiger in Amerika liblichen Bestrahlnngsapparats 
der Kadinmtherapie. 

WALTER FRIEDEICH. 
Feexbubg ina Br» 
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THE PHYSICAL PRINCIPLES OF RADIATION 

THERAPY 

Roentgen and radium rays influence biologic processes in the 
vegetable and animal kingdom in many different ways* Medical 
science has attempted to make use of this action on biologic stnic- 
tnres for purposes of treatment. It has on the one hand employed 
simple empirical experiments and on the other drawn conclusions 
for its purposes from experiments mostly carried on with living 
beings of a low order. The literature on this subject has become 
very voluminous, especially in recent years, yet one cannot state 
that really fixed laws and uniform results have been reported. The 
results of investigations made for experimental as well as thera- 
peutic purposes differ greatly. The conclusions oftentimes are 
diametrically opposed to each other. 

These great discrepancies may be explained in different ways. 
The researches may not have been carried on under like conditions. 
Two investigators may not have used the same methods of measure- 
ments in their experiments, so that the same quantities or qualities 
of radiations were not applied ; or the biologic tests were made on 
too complicated objects, so that the results were different and were 
variously interpreted on account of the great number of uncon- 
trollable factors. 

We gained the impression in looking over the literature, that 
the differences in the results must be mainly looked for in the non- 
uniform methods of measuring and in the disregard of the sources 
of errors in the various methods of measuring. This increasing 
laxity in the measuring methods has been universally recognized 
and has found a visible expression in the appointment of a dosi- 
meter commission at the last congress of roentgenologists. The 
labors of this conamission have been delayed due to the war and 
have not as yet been definitely concluded. Therefore it was our 
first object to institute investigations on the methods of measuring, 
to determine the sources of error and to advise means to reduce 
them to a negligible minimum. Above all we had to decide on a 
method of measurement which could be uniformly employed in all 
biologic experimentation, for it must be recognized that only such 
biologic experiments may be compared in which the same methods 
of measuring are used. 

1 
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PART I 



THE PHYSICAL PRINCIPLES OF RADIATION 

THERAPY 

Koentgen and radium rays influence biologic processes in the 
vegetable and animal kingdom in many different ways. Medical 
science has attempted to make nse of this action on biologic stmo- 
tnres for purposes of treatment. It has on the one hand employed 
simple empirical experiments and on the other drawn conclusions 
for its purposes from experiments mostly carried on with living 
beings of a low order. The literature on this subject has become 
very voluminous, especially in recent years, yet one cannot state 
that really fixed laws and uniform results have been reported. The 
results of investigations made for experimental as well as thera- 
peutic purposes differ greatly. The conclu^ons oftentimes are 
diametrically opposed to each other. 

These great discrepancies may be explained in different ways. 
The researches may not have been carried on under like conditions. 
Two investigators may not have used the same methods of measure- 
ments in their experiments, so that the same quantities or qualities 
of radiations were not applied; or the biologic tests were made on 
too complicated objects, so that the results were different and were 
variously interpreted on account of the great number of uncon- 
trollable factors. 

We gained the impression in looking over the literature, that 
the differences in the results must be mainly looked for in the non- 
uniform methods of measuring and in the disregard of the sources 
of errors in the various methods of measuring. This increasing 
laxity in the measuring methods has been universally recognized 
and has foimd a visible expression in the appointment of a dosi- 
meter conamission at the last congress of roentgenologists. The 
labors of this conmiission have been delayed due to the war and 
have not as yet been definitely concluded. Therefore it was our 
first object to institute investigations on the methods of measuring, 
to determine the sources of error and to advise means to reduce 
them to a negligible minimum. Above all we had to decide on a 
method of measurement which could be xmiformly employed in all 
biologic experimentation, for it must be recognized that only such 
biologic experiments may be compared in which the same methods 
of measuring are used. 
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BADIOTHERAPY 

ever, as it is much more frequently necessary to know the quantity 
of energy projected on the unit of surface within an arbitrary time 
limit and not the quantity of energy projected on the unit of surface 
within a unit of time, we adopt with Cristen the definition of surface 
energy, which is the quantity of energy vertically projected on one 
square centimeter of surface. It is expressed in the formula: 

2) F=-^ 

This qnantity of energy may be produced either with a smaU 
intensity in a longer time or with a large intensity in a shorter 
time« Surface energy is therefore the product of intensity and 
time, and expressed in the following equation: 

3) F ^ J • t 

Surface energy may always be traced back to the quotient of 
the radiation energy and the surface on which it is projected, or 
to the product of the intensity of the radiation multiplied with 
the time of application. 

The formula must be corrected if the radiation is not perpen- 
dicularly projected on the unit of surface but at an oblique angle. 
We must add another factor, the cos. 9 of the angle formed by the 
normal of the surface with the axis of the radiation beam. It is not 
necessary to cite the geometrical discussion, as it has been described 
in extenso by Grossmann. Formula 3 is therefore changed to: 



4) 

and formula 2 to 

6) 



F = J ■ t • cos. 9 



F = 



E 



cos. 9 



Definition of Hardness of Radiation 

The process which leads to the formation of X-rays in a roent- 
gen-tube is, according to our present views, as follows: The 
cathode rays emanating from the cathode are in their course 
focussed on the anticathode, or target, the surface of which is in- 
clined at 45^ to the rays. From the point of impact of the cathode 
rays on the anticathode X-rays are given out in all directions. 

The view of the electro-magnetic wave character of the X-rays, 
which already had been accepted as probable from various proper- 
ties of X-rays analogous to those of light-waves, found its final 
confirmation in the discovery of interference effects of X-rays 
when passing through crystals by one of us in association with 
M. V. Laue* and P. Knipping, 

The wave-length of the electro-magnetic impulse depends on 

♦ Mancbener Bericlite, 1912, p. 303. 



EADIOTHERAPY 

the velocity with which the cathode rays hit the anticathode and on 
their penetration into the anticathode. The greater the velocity of 
the cathode rays and the less the depth to which they enter the 
anticathode the shorter is the wave-length of the impulse. The 
velocity of the electrons is dependent on the potential maintained 
between cathode and anode. The higher the voltage, the greater 
the velocity of the cathode-rays. The knowledge that the penetra- 
bility of the X-rays is dependent on the applied voltage, has shown 
that X-rays with short wave-lengths more easily penetrate media, 
Le., they are harder than those with long wave-lengths. The hard- 
ness of rays therefore is defined by the ability to penetrate. Aa| 
every impnlse may be dissected into its component wave-lengths 
and as we are in a position through roentgen spectography to 
separate the different wave-lengths of the various impulses from 
each other, we could prove the dependence of penetrability on the 
wave-length. The investigations revealed the expected result that 
the degree of penetrability (hardness) is the greater, the shorter 
the wave-length. 

The expression, which in physics characterizes the penetrability, 
is the absorption-coefficient This is defined as the reciprocal thick- 
ness of a layer in which the intensity of the projected radiation is 
decreased to the e. part The law which expresses it has the 
formula : 



6) 



Ji ^ Jfl . e X d 



Jo signifies the intensity of radiation projected onto the medium, 
Ji the intensity remaining after passing through the medium^ d the 
thickness of the penetrated layer, X the linear absorption-coefficient, 
while e is the basis of the hyperbolic system of logarithms. This 
simplest form of the law of absorption holds good only for rays 
of the same ivave-length^ Le., for homogeneous rays. In reality, 
however, when dealing with X-rays we almost exclusively deal with 
rays of the most varied wave-lengths, i.e., heterogeneous or com- 
plex radiations. We, therefore, can only speak of a mean dbsorp- 
tion-co efficients The law (6) is the more complicated, the more 
radiation components are to be considered and is hardly amenable 
to numerical calculation. 

Christen has introduced the conception of the half absorption 
value layer^ as the conception of the absorption coefficient offers 
certain difficulties. He defines the half absorption value layer as 
the layer of a medium which absorbs one-half of the X-ray energy 
penetrating the same. The law of absorption according to Christen 
is thus expressed: 



7) 



J. 
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RADIOTHEBAPY 



or expressed in words : If the penetrated layer d— h, then the inten- 
sity has been reduced by one-half t^ - J- In the succeeding layer 

of the thickness h it is again reduced by one-half: - ' S "^ ^ 7 J* 

2 2 4 

In the third laj^er to - . -- J = - J, etc. 

2 4 8 

To render more easy the conception of non-homogeneity or hete- 
rogeneity, Christen defines these as the quotient of the first two 
half absorption value layers- If, using a non-homogeneous radia- 
tion, we measure that the intensity of the radiation is decreased 
to one-half after passing through a layer of 2 cm., and the remain- 
ing intensity again is reduced by one-half in a second layer of 3 
cm,, then the heterogeneity is 



Quite analogous considerations hold good for the ganama-rays of 
imdio-active substances, of which we shaU use only radium and 
mesothorium in this study. The same definitions may be applied 
to these radiations. 



Definition of Dote 

If we project the X-rays on any kind of an object a part of 
the rays will be absorbed in the body, another part will pass through 
it* If we observe any reactions, either of a chemical, a biologic, 
or a physical nature in the object, then all these reactions have 
been produced by the radiation energy absorbed in the medium. 
Medical sdenee has agreed to deaignate the X-ray energy absorbed 
in a Mologio object as the X-ray dose. If we term the energy 
projected on a biologic object Ei and the energy remaining after 
passing through the medium Gi, then %he difference between the 
energies Et — E% is the X-rny dose. 

The unit of the X-ray dow is the X-ray energy absorbed in a 
unit volume, i*8w, in 1 ecm. of a biologic object. If the part of the 
Uologia object exposed to the rays has the volume V, then the 
doio in this part is 

8) D = -^^^ 

This do^te is in r^lity only a mean dose, because the surface of 
(ht body traversed by the rays receives a larger dose than the 
deep tay«St for the enei^ projected into the deeply located 
ilntnin is less on Moount of absorption in the layer above it. We 
UierefMe speak of a surface dose and a depth dose and define them 
M foUows: 



KADIOTHEBAPT 

Surface dose means the X-ray energy absorbed in a very thin 
layer of the serf ace of the volume of 1 ccm. 

Depth dose is the radiation energy absorbed in a very thin 
layer of the depth of the volume of 1 ccm* 

Let us suppose a certain body of a certain thickness, the surface 
and base of which are parallel and level. Let the energy projected 
perpendicularly on 1 squ. cul of the surface of the body during 
a certain time be the surface energy Fo and Fi> = J : t, J as 
customary, expresses the intensity* 

Let the energy remaining at the base of this body during the 
same time per squ, cm. be the energy Fi and Fi = Ji " t. 

The source of radiation is located so far distant from this body, 
that this distance of the source of radiation from the body is very 
great compared to the distance from surface to base. The de- 
crease of the intensity from the surface to the base is then negli- 
gible according to the law of squares. 

A radiation beam projected on 1 squ. cm* of the surface of this 
body will advance perpendicularly to the base and also project 
on 1 squ, cm. at the base. The body traversed by the radiation 
beam has the form of a rectangular prism, and the energy absorbed 
in the prismatic column of the body equals 



Fo — Ft 



= D, the dose* 



V is the volume of the prismatic body. 

If we further assume that the height of the prism, correspond- 
ing to the thickness of the body, equals the half absorption value 
layer h, then the intensity of the radiation at the base is equal 
to one-half the intensity of the radiation on the surface. 



and the dose is 



Ji - 



D = 



The volume V of the prismatic body is 

1 . h, 
therefore 



9) 



D = 



Expressed in words it means: The dose is also defined by the 
surface energy and the half absorption value layer, and, indeed, 
the dose is directly proportional to the energy at that surface and 
indirectly proportional to the half absorption value layer. The 
half absorption value layer may be also replaced by the absorption 
coefficient. 
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has been advocated. It is based on the change of resistance of 
selenium produced by the action of X-rays. 

We have exclusively used the ionization method for measuring 
the intensity. The details of the experiments for carnring out 
such measurements of the intensity of X-rays and rays from radio- 
active substances are described in the following: 

As it was necessary in the biologic experiments to be able to 
measure intensity at every point of the radiated medium, we gave 
the apparatus a form that permitted the introduction of the ioniza- 
tion chamber like a uterine dilator into the medium. The method 
of measuring consisted in the discharge of an electrometer charged 
with a known capacity. We used the Wulf two-leaf electrometer 
in which the degree of charge could be determined with a reading 
microscope from the more or less extensive deflection of the two 
charged quartz leaves. Fig. 1 gives a schematic picture of the 
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arrangement and Fig, 2 a photographic reproduction of the instru- 
ment. 

The quartz fibers of the electrometer are connected with a wire 
to eonduetur Z, which consists of a very well rubber-insulated 
cable^ which is surrounded by a grounded flexible metal protective 
layer. The other end of the cable extends into the ionization cham- 
ber J through a piece of amber which is sliaped so that it fits 
exactly into the tube. For measuring the intensity we generally 
used a chamber of ver>^ thin aluminum leaf of a rectangular form, 
which had a volume of exactly 1 ccm. The rubber cable, which 
was of a length of about 2.50 m., has the advantage in comparison 
mth the usually employed metal tubes filled witli air, that an unde- 
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sired radiation carried in the conductor does not contribute to the 
discharge of the electrometer. The orror of soaking up of the 
charge into the dielectric and the leakage of the electric residue 
of the electrometer during the discharge may be reduced to a 
negligible quantity, if one pays attention to the fact that the 
stationary stage of the dielectric polarization of the rubber has. 
been attained and that the sensitiveness of the apparatus is so 
great that single measurements can be made within a very short 
time. 

The electrometer could be connected through the switch S with 
a well-insulated plate condenser C to change its sensitiveness. The 
condenser reduced the latter by one-half. A charging arrangement 
L permitted loading the electrometer to the desired potential by 
turning a knob. A battery of cells of about 200 volts served for 
the production of the electric charge. 

Li the construction of the instrument special attention was paifl 
that all the parts were well protected electrostatically, especially 
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that no part of the instiJated eablc entered the ease of the electro- 
scope during the process of measuring- Tliis is eon?idered an 
absolute necessity for accurate measurements on account of the 
high frecjuency oscillations in the X-ray roonu The instrument 
also could be used for the measurement of the intensity of the 
gmimna-rays derived from radio-active substances. 

However, another method was employed when measuring the 
intensity of rays of radio-active substa^nces, especially if the prepa- 
rations were weak. 

The high penetrability of gamma-rays and tlie great dangers 
eomieeted therewith that a source of error might arise from this 
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Tjehavior, made it appear advantageous to let the electrometer also 
serve as ionization chamber. The only space within which the rays 
then cause a discharp^c* of the electrometer by iotiization is the 
instrument itself. The electrometer was composed of a rectangulaj 
lead box of a content of 1 liter; the walls were 5 mm. tixic^ See 
Figs. 3 and 4. Within this box was tlie gold leaf G which served 
for the measuring. It was suspended from a holder of aluminum, 
which was insulated wnth amber. The wall of the electrometer, 
exposed to the source of the radiation to be measured, was formed 
of an aluminum sheet of 0/J3 nmL thickness (Al.). It could be 
replaced ^ith thinner or heavier sheets of various substances corre- 
sponding to the different conditions under investigation. The inner 
snrfaces of the instrument were lined with sheets of aluniinum 
( Al.) 5 mm. thick We considered it correct to take this precaution 
on account of pronounced influence of the secondary radiation, 
arising in the walls of the instrument, on the results of measure- 
ments^ We uj*ed aluminum as the metal of lowest atomic ^wei^it 
and of most practical usefulness, a^ we intended to use the meaanre- 
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ments mostly for biologii* expi'iiiiients and biologic objeets possess 
very low atomic weight. A knife switch, L, permitted charging the 
electrometer to the de.^ired i)otuntiaL The latter was the same as 
used in the other measuring instrument. The deflection of the 
gold leaf was observed by a reading microscope of large focus and 
provided ^^ith an ocular scale. The radio-active preparations under 
investigation were usually kept at a distance of 1 m. from the 
electrometer. 

The secondary radiation, which originates in the walls of the 
work-room and the objects contained therein, is a source of error 
which must not 'be overlooked in the measurement of the intensity 
of radio-active substances. We resented a large empty room 
solely for the purpose of measuring, thus to reduce the sources 
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of error to the smallest possible minimum. The appar&tus was 
placed in the center of a wooden table. 

We performed all our measurements of intensity with these 
two instruments. Acconling to the definition of intensity wo must 
determine the radiation energy striking upon a surface of 1 squ. 
em. per second. The measurement of the energy of X-rays in an 
absolute measure* as is well known, offers almost unsurmountable 
difficulties. We, thereof ore, really cannot measure the energy, and 
hence also not the intensity with the instruments just described. 
We are only concerm d with relative measurements of intensities 
in our biologic investigations. A comparative measurement of 
intensity is possible with such an instrument if the apparatus is 
always the same and if the details of the test remain the same. 
Amongst the hitter may I>e mentioned, as one of the most impor- 
tant, the like fpialities of the rays empIoye<l, as the measuring 
metJiod does not permit comparison with each other of tlie intensity 
of rays of different rpialities. This may be explaincnl by the fact 
that a softer ratliation ionizes stronger on account of greater 
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absorption by air than a harder radiation, 
be otherwise alike. 



The luteositics may 



Measurement of Hardness of Rays 

The hardness of X-rays in roentgen teeliniqiio is measured 
aeeording to different methods* 

a. The determination of hardness by the potential applied to 
the tube. 

This method uses the dependenee of the liardness of rays on 
the potential of the tube. To this group belong: 

1. Tlie determination of hardness by the parallel spark-gap 
througli which the electric current passes. 

2. The sclcrometer of Klingelfuss. It essentially depends on 
the fact that the mean tension, and therewith the mean tension in 
the tube, is determined by a voltmeter through the use of an 
accessory coil connected to tlie inductor. 

3. The voltmeter of Bergonie and the qualimeter of Bauer 
measure the tension maintained at the tube, however, by electro- 
static means in contradii^tinetion to the sclerometer of Klingelfui<i<. 

We could not use these methods for the determination of hard- 
ness of the rays as we empk>yed almost exclusively filtered rays 
in our biologic investigations. However, they w^ere used to obtain 
information about the ronditions existing in the tube during its 
operation and about any change occurring in the tul>e during the 
observations. They were especially valuable with the Coolidge 
tulx% because we were placed in a position to always regulate the 
tube to the desired degree of hardness and thus to control the 
quality of tlie rays during the course of a test. 

b. The determination of hardness by comparing the absorption 
of rays in ttvo different metals. 

The AValter scale, the Wehnelt wedge and tlie Benoist scale are 
based on this method Tiie intensity of the rays which penetrate a 
silver leaf of a definite thicloiess is compared \rith the intensity of 
rays which pass tlj rough a block of aluminum of a wedge-shaped 
form by means of a fluorescent screen or a pliotographic jilate. 

We have not used these methods because they were not suf- 
ficiently sensitive for our experiments, 

c. Drtermination of the hard4}ess by the half absorption vahte 
layer accord liuj to the mvthod of Christen. 

The measurement of the half absorption value layer is carried 
out by Christen by conjparing with a fluorescent screen the radia- 
tion reduced by a perforated lead plate to half its intensity with the 
radiation decreased in intensity by a bakelit step-ladder. The thick- 
ness of the layer of the bakelit penetrated is the half absorption 
^ralue layer if the fluorescence is of the same intensity. 

As valuable as the measuring method appears to be to enable 
one to quickly inform himself in an absolute value about the 
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penetrability of the radiation employed, it did not suffice for our 
purposes on account of the defective sensitiveness which depends 
on the difficulty in reading the results exactly. 

d. The determination of the hardness by measurinff the iw/pm- 
sity of the radiation at a given point before and after passing 
throuffh a knoirn layer of a knoivn medium. 

This method, which is almost exclusively used in physics for 
the determination of the laws of absorption and the hardness, was 
employed by ns in all experiments. We used the above-described 
measuring instruments and directions for the measuring of inten- 
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sity* Marked differences are frequently found recorded in litera- 
ture if one compares the determinations of the |)enptrability of 
radiations obtained with tliese nicthods. These differences, when 
the X-rays are used, cannot be satisfactorily explained, as the data 
concerning the similarity of rays must be based on an absorption 
measurement. The quality of rays of the radio-active substances 
is defined by the substance. Absorption measurements of these 
therefore should always give the same results. The results, in 
this instance, also vary with the various investigators. They must 
be ascribed to essential differences in measuring instruments and 
to the details of the investigators with an otherwise itlentieal 
method. This supposition may be easily conrirmed by experimen- 
tation. 

Arrangement of the test: The X-rays from a Coolidge tube R, 
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placed ill a bnwl lined with heavy leatknl ruh)>ei% pass through an 
adjustable diapliragia The small beam, thus abtaiiied, strikes the 
ionization elminber K (see Fig. 5). The distaiiee FK from the 
focus to the ionization chamber is 50 col The absorbing medium 
consists of a plate of ahimimmi 5 mm. thick. The plate can be 
adjusted within the limits of the radiation beam, so that at one 
time it is placed half-way between the focus and ionization cham- 
ber, and at the other time directly above the ionization chamber. 

The course of the experiment is as foDows : The tube is brought 
to the desired load and hardness by regulation of the hot lilament 
eurrent and the primary current of the inductor. The intensity of 
the ionization current is now measured without any al»sorbing 
medium. Tliereupon the aluminum plate is placed in position I 
and the ionization current determined; the measurement is repeated 
without the aI>sorbing medium; then the aluminum plate is adjusted 
to position II, and another measurement made. Then another 
measurement without the interposition of any al)sorbing material 
follows. It is thus possible to recognize any change in the hardness 
or intensity of X-rays during the experiment. We have made quite 
a number of such investigations. 

The measuring results of two such tests are represented in the 
accompanying table. The one was performed with a voltage of 
a parallel spark-gap of 35 cm. and a filtration with aluminum of a 
thickness of 3 nnn., the other with a voltage corres^p^mding to a 
parallel spark gap of 40 cm. and a filter of 1 mm. copper. 

In the first column is indicated the method of measuring. 
refers to the time in which 5 divisions of the scale of the elec- 
trometer have been discharged without interposition of the alu- 
minum plate. Alo indicates the time of the discharge when the 
aluminum plate is placed half way between focus and ionization 
chamber; while Aln gives the time of discharge when the aluminum 
plate is placed directly upon the chamber. The second and third 
columns give these time periods in seconds, the second colunm for 
the 3 mm, aluminum filtration, the tliird for the 1 mm. copper 
filtration. 





3 mm. Aluminum: 


1 mm. Copper: 


MetbcNl ot Jleasuriog 


time in seconda 


time in s€<xinda 
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11). 4 
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20.2 


25.8 
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19.2 
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23.4 
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19.8 
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29.4 


26.8 
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27.8 
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24.4 
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The absorption may bo calculated from (lie readings in per 
cent of tlie projected radiation. 



of Measuring 


3 mm. Aluminum 


1 mm. Copper 


ALo 


48% 


25. s*;?, 


Al« 


41% 


21.57c 



We see from these tables that the location of the ahsorhiiig 
material has a marked iiiflneiiee on the result. The difference in 
per cent of the transniitted rays amounts to 14,5 per cent with the 
3 mm. aluminum filtration and to 16 per cent vnth the 1 mm. copper 
filtration. 

Quite a similar experiment was carried out with the gamma- 
rays of radium and mesothorium. The second measuring instru- 
ment was employed in these observations, A celluloid plate, of a 
thickness of 5 mm. was placed in front of the electrometer exposed 
to the radiation source for the purpose of perniitting only gamma- 
rays to strike the measuring chamber. The results, which were 
obtained with positions I and 11 of the absorbing medium (the same 
aluminum plate as used for the X-rays) are presented in the follow- 
ing table: 
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in seconds 









21.0 


21.4 


21,4 


Position 1^=4,7% 


Al. Position I 


22 4 


22 2 


*22,fl 







21.4 


2L4 


21.2 


Position ll = 3.47e 


Al. Position 11 


22.2 


22.0 


22,0 







21.4 


21.2 


21.4 





Here also a remarkable dependence of the measured results on 
the position of the absorbing bodies is shown. 

These differences in the results^ according to whether the 
irradiated body is placed far from or near to the ionization cham- 
ber, nmst be explained by the secondary radiation wliich arises 
from the absorbing body. Naturally a larger portion of these 
secondary rays enters the ionization chamher if the absorbing body 
is placed immediately above it. The portion which is delivered 
by the secondary radiation for the intensification of the ionization, 
will be the greater, the closer the absorbing body is placed to the 
ionization cliamber, and therefore a correspondingly smaller ab- 
sorption is measured. 

The measurements, just described, show that an exactly detailed 
description of the course of the experiment must be given in the 
determination of the absorption coefficient of a given (juality of 
radiation in a given medium, and that only tliose results ean be 
compared with each other which have been carried out under like 
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our present day mstnnnentarium, without causing a great economic 
loss. 

The following radiation hardnesses are basic for onr investi- 
gations : 

1. Unfiltered X-rays. 

We tinderstand by nnfiltered X-rays the rays arising from a 
Coolidge tube which is activated by an inductor and gas inter- 
ruptor, 80 that the parallel spark-gap corresponds to a spark-gap 
of a length of 30 cm. measured between point and disc, while an 
accessory spark-gap of 5 cm. is placed in series with the tube. 

We have measured the absorption curve of these rays in alu- 
minum of to 10 mm, thickness and in layers of water of — ^10 
cm. thickness in order to gain a more detailed information on the 
hardness of the rays. We made use of the instrument for measur- 
ing described on page 9/ 

We repeat as example an extract from the observation journal 
in order to give a true reproduction of the details of the measure- 
ment* In the following table, the method of measuring is placed 
in the first colunm, indicates the time during which 5 units of 
the scale of the electrometer are passed T?iithout insertion of the 
absorbent aluminum in the radiation beam, 1 mm. alumintma, 2 mm* 
aluminum, and so forth, indicate the time duration of the discharge 
of 5 units of the scale, if a layer of aluminum of these thicknesses 
be inserted in the X-ray beam. The second column states the 
time in seconds. In the third colunm the intensity of the radiation 
after passing through the aluminum is expressed in per cent of 
the projected rays* In tlie last column the logarithm of this inten- 
sity is entered. The intensit)^ of the radiation without the absorb- 
ing medium was always measured between each reading of the 
electrometer. 

The graph (Fig. 6) gives the result if plotted- 

Extract from the observation journal. 

Hot eathode current = 3. 45 amporM (appli(^d to the cathode af Coolidge tube), of hot 

filament current of cathode of Coolidge tube. 
Primary current ^=6.5 amp*re«. 

Secondary cnrrcnt ^^^ 3 mlUiamp^rei. 
Parallel spark gap ^=30 enu (unfiltered). 
.Filter ^ none. 



* Acoordlog to page 11, a comparative measuring of the Intensity la only possible 
when rays of the same hardnees are employed. For this reason the absorption curves 
subsequent ly recorded are, strictly speaking, not correct. The deviations from the straight 
line of the graphs of the unfiltered rays which may become considerably hardened in tha 
layers of aluminum or water that serve the purpose of determining absorption, are only 
apparent ones. The Ultered, especially the highly filtered, rays are much less changed in 
their hardness when passing through these layers. 
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Way of Meuure- 


Time of Deflaetion of 


Intensity of Radia- 




BMnt ThiekneM 


6 UniU of Scale of 


tion in % of the 


Logarithm 


of AlumiDum 


Electrometer in 


Projected 


of 


in Bin. 


Seconds 


Badiation 


Intensity 





10.4 


10.6 


100 


2 


1 


16.6 


16.2 


68.6 


1.84 





10.4 


10.8 






2 


20.2 


20.1 


61.3 


1.71 





10.4 


10.6 






3 


26.2 


26.2 


39.9 


1.60 





10.4 


10.4 






4 


32.8 


31.8 


32.4 


1.81 





10.6 


10.4 
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36.0 


29.0 


1.44 
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10.6 
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41.4 


26.4 


1.40 
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10.8 
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47.6 


21.7 


1.34 
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10.2 






8 


66.8 


62.4 


19.4 


1.29 
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64.8 


61.4 


16.8 


1.28 





10.6 


10.8 






10 


71.2 


70.8 


16.0 


1.18 





10.4 


10.6 







We see from the values and from the deviation from the straight 
fine of the graph obtained from the resultant measurements that 
it IB i>088ible to i>erform such measurements of X-rays with a 
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fla 6w^Abiorption curre in aluminum of the "unfiltered X-rays'' applied acoordiog to 

direttioiiB glTiii. 

considerable exactness within range of a small percentage of error. 
The first half absorption value layer of unfiltered rays, meas- 
ured in aluminum, amounts to 2.15 mm. while the second half 
absorption value layer is 3.55 mm. The first half absorption value 
layer is thus considerably smaller than the second one, and the 
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radiation is therefore very non-homogeneons. The measurement of 
heterogeneity according to Christen is ha : hi — 3.55 : 2.15 = 1,65. 
The heterogeneity may be graphically shown if the intensity is 
plotted logarithmically. The graph forms a straight line for a 
homogeneous radiation in which the absorption progresses accord- 
ing to simple exponential laws* In our example the logarithmic 
graph is strongly cnrved, indicating a marked non-homogeneity. 

We used aluminum as an absorption medium because it is the 
custom in physics- We, also, have measured the absorption in 
water for reasons which will be explained in the chapter ** Measur- 
ing of Dose.'* The first half absorption value layer in water is 
1.8 cnoL, the second half absorption value layer 2.25, as may be 
seen in the following table and Fig, 7. 



ThiekneM of Layer of 
Water in cm. 



Intenaity of Badiation in 

% of the Projected 

Radiation 



Af^ 



r# 



Logarithm of IntenBity 

2.CM3 
1,83 

i.ae 

1*93 
M5 
0.90 
0.6$ 



fJ^ 



Hi 



€$ 



€¥ 



€^ 



^0 



Fio, 7* — Abeorption curve in water of nnfiltcred rays obtained aceording to directions. 



cm IVaier 



The heterogeneity, therefore, is ha : hi = 2.25 : 1,8 = 1.25. 
The logarithmic graph also shows the marked deviation from a 
straight line. 

S* X-rays Filtered with 3 mm. Aluminum. 

X-rays filtered with 3 mm. aliumnnm are rays emitted from a 
Coolidge tnbe which is operated with an inductor and gas inter- 
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^^^^^^^^^H rupter so that the potential measured between point and disc ^^H 
^^^^^^^^H corresponds to a parallel spark-gap of a length of 30 cm., while ^^H 
^^^^^^^^^H an accessory spark-gap of 5 cm. is placed in series with the tube. ^^H 
^^^^^^^^H The rays pass through a sheet of aluminum 3 mnL thick before ^^H 
^^^^^^^^^H they strike the object to be radiated. The behavior of the absorp- ^^H 
^^^^^^^^^H tion of these rays in aluminum and in water is presented in the ^^H 
^^^^^^^^H two following tables and Figs. 8 and 9. The results have been ^^H 
^^^^^^^^^H obtained with the same arrangement and method of measuring ^^H 
^^^^^^^^H as adopted in the experiments with unHltered rays. ^^M 
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^^^^^^^^^^^^ ^^H 

^^^^^^^^^^^^H Ti&* 8. — Abaorption curve in aluminuin of X-raja filtered through 3 mm of aluminum ^^^H 
^^^^^^^^^^^^^B as directed* ^^^H 

^^^^^^^^^^^f We observe from the graph in Fig. 8 that the radiation has ^^H 
^ 'be<;ome harder by filtration through 3 mm. aluminum. The first ^^H 
^^^^^^^^^H half absorption value layer is 4.25 mm* and the second half absorp- ^^H 
^^^^^^^^^H tion value layer 6,25 mm* We also note that the rays filtered ^^H 
^^^^^^^^^H through 3 nmL aluminum show a couBiderable difference between ^^| 
^^^^^^^^^B the two half absorption value layers; therefore the radiation is ^^| 
^^^^^^^^^H still non-homogeneous. ^^H 
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^L^ Tlie heterogeneity is hi : hi = 6.25 : 4.25 = 1.47. ^^^^H 
^^^k An improvement in the heterogeneity may be also obserYed ^^^^H 
^^^B from the logarithmic graphs which does not exhibit snch a marked ^^H 
^^^1 curving as the logarithmic graph of the nnfiltered radiation. ^^H 
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^^^^H Fio. 9, — Absorption curve in water of Xrnys filtered througli 3 nun. alnminmn applied ^^^H 
^^^^B as directed. ^^^^^M 

^^^^H Thickness of Layer in Intenaity of Radiation in .^^^^^H 
^^^^H Water in cm. % ol Projected Raja Tjogarithm of Intensity "^^^^^H 

^^^1 From the table and graph in Fig. 9 the first half absorption ^^H 
^^^B valne layer in water is 2.4 em. and the second 2.65 cm. The hetero- ^^H 
^^^B geneity is h2 : hi = 2.65 : 2.4 — 1.1 emu ^^H 

^^^H 3. X-rays Filtered with 10 mm. Aluminum, ^^H 

^^^H X-ravs filtered with 10 mm. aluminum are rays arising from ^^H 
^^^P a Coolidge tube, operated with an inductor and gas interrnpter, ^^H 
^^^H 60 that the potential corresponds to a paraUel spark-gap of a length ^^H 
^^^H of 35 cm, measured between point and disc^ while an accessory ^^H 
^^^H spark-gap of 5 em. is inserted in series with the tube. ^^H 
^^^H The rays pass through a filter of 10 mm. aluminum before strik- ^^H 
^^^H ing the object to be radiated. The course of the absorption of these ^^H 
^^^1 rays in aluminum and in water is represented in the tv^^o following ^^| 
^^^H tables and Figs. 10 and 11, The results have been obtained with ^^H 
^^^H the same details and methods of measuring used in the preceding ^^H 
^^^H absorption measurements. ^^H 
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FlQ. 10. — ^Absorption eunre in aluminum of X-rays filtered through 10 mm. aluminum and 

applied as directed. 
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Thickneas of Aluminum Intensity of Radiation in 
in mm. % of Projected Rays 

100 

1 90.0 

2 79.4 

3 72.4 

4 66.4 
6 68.9 

6 64.1 
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10 86.2 
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Logarithm of Intensity 

2.00 
1.96 
1.90 
1.86 
1.^ 
1.77 
1.73 
1.70 
1.66 
1.62 
1.66 
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cm Water 

Fio. 11. — ^Absorption enrre in water of X-rays filtered through 10 mm. aluminum and 

applied according to directions. 
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We note from the graph of Fig. 10 that the radiation after 
passing through an aluminum filter of 10 mm. thickness has grown 
still harder than the radiation filtered with 3 mm, aluminum. The 
first half absorption value layer measures 6.9 mm. The thickness 
of 10 mm. aluminum does not suffice for the determination of the 
second half absorption value layer. The greater homogeneity of 
the ray^ filtered through 10 nrai. aluminum in contradistinction to 
that of the rays filtered with 3 nmL aluminum may be recognized 
from the logarithmic graph which almost approaches a straight 
line. 
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The first half value absorption layer in water obtained from 
table and Fig. 11, is 3.25 cm., the second half absorption value 
layer 3.3 cm. The heterogeneity is ha : hi = 3.3 : 3.25 = 1.02 chl 
The logarithmic graph also approaches the straight line. 

#• X-rays Filtered with 1 mm. Copper, 

X-rays filtered with 1 muL copper are rays which start from 
a Coolidge tube^ operated with an inductor and gas interrupter so 
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Fto* 12.^AbBorptioii curv# in aliunlnnm of X-rajs filtered tbrongh I mm. of copper and 

applied according to directions. 
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that the potential corresponds to a parallel spark-gap of 40 cm* 
measTired between point and disc, while an accessory spark-gap of 
5 cm. is inserted in series with the tube. 

The rays are fdtered through a layer of 1 ninu copper before 
striMng the object to be radiated. The progress of the absorption 
of these rays in aluminum and in water is reproduced in the two 
follomng tables and Figs, 12 and 13. The results have been 
obtained with the same details and method of measuring as used 
in the absorption measurements of the unfiltered rays. 



Logarithm of luteiiaitf 
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We see from the graph in Fig. 12 that the rays have become 
Btill harder after passing through a filter of 1 mm. copper. The 
first half value absorption layer is 1,05 mm. The course of the 
logarithmic graph may be considered as approaching a straight 
line. 
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From the table and Fig, 13 we obtain the first half value absorp- 
tion layer in water of 3J cm. and the second of 3.75 cm. The 
heterogeneity is hz : hi — 3.75 : 3.7 = 1.01. 

This value being close to 1 demonstrates that this ray already 
approaches a homogeneous radiation. The logarithmic graph is 
a straight line and corresponds to an almost perfect homogeneity 
of radiation. 

5. Gamma-Rays. 

We generally understand by gamma-rays the rays from radio- 
active substances which have passed a brass filter of 1,5 mm, 
thickness and an additional filter of 5 mm, celluloid. The celluloid 
ser\^es the purpose of absorbing the secondary radiation formed 



^^^V in tlie brass filter. The first half absorption valne layer of gamma- ^^H 
^^^H rays of radium according to the described method of measurement ^^H 
^^^» is 48 mm. and that of mesothorium 52 mm. The half absorption ^^H 
^t_ value layers do not differ considerably. If we compare tliem with ^^H 
^Hi the half absorption value layers of the hardest filtered X-rays ^^H 
^^H we use, we see that this half absorption value layer is quite con- ^^^| 
^^H siderably larger, ^^^| 
^^K_ The combined gamma-rays of radium and mesothoriimi were ^^H 
^^^H employed in part of the biologic investigations, as some of the ^^H 
^^^H latter required a large amount of radio-active substances which ^^H 
^^^H we did not possess in either one of the individual preparations. ^^H 
^^^H We also employed other filters than brass, and also other filters ^^H 
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^^^^^1 Ho. 13.^— Absorption curve In water of X-rays filtered tlirougli 1 mm. of copper, applied as ^^^^| 
^^^1 diraeiiML ^^H 

^^^H than celluloid for the absorption of the Sagnac rays in some of ^^^| 
^^^H our investigations. The composition of the rays filtered with ^^^| 
^^^H special filters has been recorded in the respective chapters of the ^^^| 
^^^H biologic section. ^^^| 
^^^H If we collectively compare the rays of different hardnesses, ^^H 
^^^H which we employ, and if we place them graphically side by side ^^H 
^^^H (see Fig, 14), we see that the differences in the degrees of hard- ^^H 
^^^1 ness are considerable. Quite important differences even exist ^^H 
^^^H between the various highly filtered X-rays. A great difference ^^H 
^^^H especially is seen between the half absorption value layer of the ^^H 
^^^H gamma-rays of radium and mesothorium and the highest filtered ^^H 
^^^H X>rays. The statement is often found in literature that the new ^^H 
^^^H X-ray apparatuses deliver radiations that almost equal the gamma- ^^H 
^^^H rays in hardness. As a matter of fact, X-rays of the same hard- ^^H 
^^^H ness as gamma-rays do exist because the range of hardness of ^^H 
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gamma-rays of the various products of radio-active decay is wide- 
The penetrability of gamma-rays of mesothorium and radium, that 
are solely used in deep therapy, has never been attained with 
the X-rays. 

In the chapter on measuring hardness we shall see that com- 
parative values only can be obtained when we observe the same 
details in the experiments and use the same methods of measure- 
ment. We have not been able to find in the literature comparative 
measurements that could pass a critical investigation, as authors 
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The flrit hM value abBorption layers in mm. of aluminum 

I. For iin filtered X-ray8, 

II. For X-ray» filtered through 3 mm. o! aluminum. 
IIL For X-rays filtered through 10 mm. of aluminum. 
IV. For X-rays filtered through 1 mm, of copper. 

V» For radium rays filtered with 1.5 mra. brass and 5 mm, celluloid. 
VI. For mesothorium rays filtered with 1.6 mm, brass and 6 mm, celluloid* 



who have been interested in the meaLurement of X-rays mostly 
record in these comparisons the measured results of gamma radia- 
tions made by others. 

We cite in the follDwing a few experiments which we carried 
on to compare the penetrations of X-rays filtered with 1 nam* copper 
and the gamma-rays of radium. We used the measuring instrument 
described on page 10. In the experiments vnth X-rays the point 
source of radiation of the antieathode was placed at the same dis- 
tance (Le,, 1 meter) from the electrometer as in those with the 
gamma-rays of radium preparations. The absorbing material in 
both instances was directly placed before the electrometer* This 
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position of the absorbing filter appeared to ns less objectionable 
than the location of the absorption medium close to the source of 
radiation. The beta-rays formed in the furniehings and walls of 
the work-room present a considerable source of error in the meas- 
urements, and cause the hardness to be measured too high. These 
undesirable radiations, however, may be excluded from the measur- 
ing chamber by placing the absorbing filter close to the electrometer. 
We performed the determination of the half absorption value layer 
in aluminum. The details of the experiment followed closely those 
for the measurement of hardness described in detail on page 19. 
The intensity of the total radiation was always determined before 
and after a passage through the absorbing medium- From the 
experiments we obtained a first half absorption value layer of 
16.5 mm. in aluminum for X-rays filtered with 1 mm. copper, and 
a half absorption value layer of 58 mm, of aluminum for gamma- 
rays of radium filtered with 1.5 mm. brass plus 5 mm* celluloid* 

The half absorption value layer of X-rays filtered with 1 mm- 
copper and that of ''gamma-rays'* of radium are in a ratio of 
1 : 3.5. 

In the literature of physics the absorption coeflBcient and the 
half absorption value layer of X-rays are usually given in alu- 
minum, on the other hand those with ganuna-rays are given in 
lead as the absorbent It appeared to us of interest to test the 
half absorption value layer of our hardest X-rays in both these 
absorbing materials using the same method of investigation* This 
point has been sorely neglected, as seen in the literature in which 
the values of the half absorption value layers of filtered X-rays 
and gammarays are reported which were obtained in aluminum 
for X-rays and in lead for gamma-rays, two substances widely dif- 
ferent in atomic weight and density. The results are compared by 
arithmetical corrections. Naturally such methods of comparison are 
fraught with great errors. 

The method of measuring described on page 10 was used in 
these investigations. The radium preparation was placed at a 
distance of 1 meter from the ionization chamber when measuring 
absorption of the gamma-rays; the anticathode of the Coolidge 
tube which was placed in a bowl was also placed 1 meter from the 
ionization chamber for the measurement of the absorption of 
X-rays. The X-radiation beam w^as by means of a diaphragm 
chosen so large that the ionization chamber was completely en- 
closed by it. The absorbing material was placed directly in front 
of the ionization chamber with both radiations. The course of the 
experiment was otherwise the same as that in the preceding 
absorption measurements. 

In the following tables two series of measurements are recorded 
in which the absorptions in 10 mm. aluminum and 1 mm. lead 
respectively are considered. 
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X-RAYS FILTERED WITH 1 ^fXI. COPPER 



Method of Measuring 



10 mm. aluminum 



1 mm. leAd 



10 mm. aluminum 



I mm. lead 



10 mm. aluminum 



1 mm, lead 





Time of Deflection of 5 

Units of the Scale of 

Electrometer, in seconds 



Intensity of Kays in % of 
Projected Rajs 



For aluminum 

= 64.6% 

With correction = 66 . 2% 



For lead 

=:16,7% 

With correction^ 16.3% 



GAMMA RAYS OF RADIOTI FILTERED WITH 1.5 M^f, BRASS AND 

6 MM. CTELLULOID 



Method of Measuring 



Time of Deiection of 5 
Units of Scale of Elec- 
trometer, in seconds 



Intensity of Rays in % of 
Projected Rays 






48.8 




10 mm, aluminum 


64.6 







40.0 




1 mm. lead 


54.4 


For aluminum 





40.2 


= 90.2% 


10 mm. aluminum 


64.6 







40.0 




1 mm. lead 


64.4 







48.8 


For lead 


10 mm, aluminum 


64.2 


= 90.2% 





40.2 




1 mm. lead 


64.8 







40 





The eoBclusions to be drawn from both series of measurements 

are that lead absorbs X-rays much more than it does gamma-raj's, 
as many gamma-rays pass 1 mm, lead as pass 10 mm. alnminiim, 
while 1 mm. lead absorbs more X-rays filtered T\ith 1 mm. copper 
than do 30 mm, aluminum. 

Wc see from these series of measurements that a marked dif- 
ference in penetration exists between the hardest X-rays and the 
gamma-rays. The point might be raised that our X-rays filtered 
with 1 mm. copper were not of the same hardness as the X-rays 
used by other experimenters in their comparisons of X-rays and 
gamma-rays, and that their radiations were essentially harder. 
This seems to be improbable, as we were not in a position to observe 
a still further increase in the hardness of rays when using a filter 
even heavier than 1 mm. copper* The parallel spark-gap of 40 enu 
is a potential representing the limit of present possibilities. 
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The ratio of the two first half absorption valne layers and the 
deflection of the logarithmic absorption graph from the straiglit 
line must be considered as tlie measurements of homogeneity. 

In the following table the quotients of the first two half absorp- 
tion value layers measured in water of all the rays used by us 
have been compiled, and in Fig. 14A the four logarithmic absorption 
graphs for aluminum have been plotted** 

We may conclude that the graphs of the unfiltered X-rays and 
X-rays filtered with 3 mm, aluminum materially differ from a 
straight line, but that the graphs of the X-rays filtered with 10 nun, 
aluminum already approach a straight line. The graph of X-rays 
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Fig* Ha. — Logarithmic absorption curves of the radiations inyesiigated by us. 



filtered with 1 mm. copper may be considered a straight line. 
X-rays filtered with 1 mm. copper therefore may be assumed to 
be homogeneous. 

A great importance is ascribed to the interpretation of homo- 
geneity in literature. The views concerning the definition diverge 
considerably, We may be permitted to state that the method of 
the analysis of the absorption of radiations for the determination 
of homogeneity only gives approximate values. The method of 
spectral analysis gives more exact information about the dispute 
whether a radiation is homogeneous or heterogeneous. We also 
have employed the method of spectral analysis for this purpose 
and have examined all varieties of unfiltered and filtered radiations 
by the absorption analysis as well as by the spectral analysis. We 
will consider a spectrum obtained from X-rays filtered with 1 mm* 



* The graph for gamma-rays has b^a entered for comparison. 
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copper* We cannot prove heterogeneity by means of the absorption 
analysis. The spectrum shows that a considerable range of wave- 
lengths is present. Therefore the X-rays filtered with 1 min, 
copper are still markedly heterogeneous. We justly doubt that 
such a minute and detailed analysis of homogeneity of a radiation 
is of any importance for the practice of radiation therapy. The 
method of the absorption analysis appears to sufiice completely. 
With this method, we cannot recognize a deviation of the 
logarithmic absorption graph from the straight line or if the 
quotient of the first half absorption value layers is close to 1, then 
the radiation must be considered as practically homogeneous. 



Measuring the Dote 

We defmed as unit of dose the radiation energy absorbed in a 
unit volume, i.e,, in 1 ccm. of the biologic object and expressed it 
in the formul© 



D = 



El Ea 



F J • 



It has not been possible up to the present time to directly 
measure this quantity, because in such a measurement two pre- 
suppositions must be fulfilled: 

1, The test object subjected to the action of radiations must 
become measurably changed by the influence of the rays. 

2. The test object must possess the same laws of absorption 
for the various kinds of rays as the biologic body in which the 
applied dose is to be measured. Only thus is the energy absorbed 
in the unit volume of the test object equal to the energy absorbed 
in the unit volume of the biologic object* 

We do not at present possess such a test object. As desirable 
as it may be to know the absorbed energy in an absolute measure 
to gain an idea of the nature of the biologic reaction and the trann- 
formation of energy therein, it is only necessary in biologic investi- 
gations to compare kno\\Ti doses mth each other ; a relative measure 
suffices. We may attain this relative measure with the customary 
dosimeters, such as the Kienbock strips, the Sabouraud Noire 
tablets, the Furstenau uitensimeter, and lastly the ionometers. Defi- 
nite, though different reactions from the action of rays appear 
in the measuring media of these dosimeters. The degree of the 
reaction depends naturally on the energy absorbed and therefore 
also on the surface energj^ of the rays striking the test body and 
on the absorption taking place in the test body. As the dose in the 
biologic object is also dependent on the surface energy and the 
absorption, so the degree of reaction in the test body is propor- 
tional to the dose in the biologic object. However, these conditions 
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obtain only there if we deal with one and the same hardness of 
radiation. If we intend to compare doses with each other that 
have been applied with radiations of different penetrabilities, or 
that have been applied with rays of varying heterogeneity, then 
the above deliberations hold good only if the laws of absorption 
are the same in the test body and in the biologic object, or at least 
if the ratio of the degrees of absorption in the test body and in 
the biologic object is constant for the different hardnesses of 
radiations. 

In the following the ratio of the degrees of absorption in the 
various reactive substances to the degree of absorption in the 
biologic object has been determined with varying hardnesses of 
rays in order to gain from the difference in the ratios obtained 
a knowledge of the magnitude of the errors with the different test 
objects used in the dosimeters mentioned above. 

The biologic object, in our case the human or animal body, 
consists of substances of varying densities, but they all have one 
thing in common, they are composed of elements of lowest atomic 
weight. The bones are an exception due to the content of calcium. 
These tissue layers of the human body play an important role in 
the absorption of rays. They are muscle, fat and bone. 

We next investigated the question, whether these three sub- 
stances have such slight deviations in their absorption, that the 
differences might be negligible. Though investigations on these 
factors have been recorded in literature we deemed it necessary 
to again compare the degree of absorption of the different hard 
rays in fat, muscle and bone tissue. The method of procedure in 
these investigations was the same as given on page 9, 

The tissues to be examined, as muscle, fat and bone were ground 
to a pulp in a meat and bone grinder. To give these pulps a 
definite shape and size they were put in rectangular boxes of 
celluloid of a wall thickness of 1 mm. and a height of 5 cm. The 
thickness of the layers of these three substances corresponded to 
their density. A definite height could be produced with a sufficient 
exactness on account of the uniform fineness of the ground sub- 
stance. It amounted to 35 mm. for these experiments. The same 
method and course of the measuring was followed as described in 
the preceding tests. Therefore we will only record the results of 
the measurements. We used X-rays either unfiltered, or filtered 
with 3 mm. aluminum, 10 mm* aluminum and 1 mm. copper, and 
gamma-rays of radium or mesothorium preparations of 50 mg. 
radium element activity. 

We may deduce from the following table that a certain differ- 
ence of absorption exists between muscle and fat on the one hand, 
and bone substance on the other. However, the differences between 
muscle and fat tissues are so sUght that muscle tissue may be con- 
sidered generally as an average biologic object. 
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Absorbed RadUtion In % of Projected Rayi 

Eftrdoeu of Rajl Muscle FU Bone« 

Unfiltered X-raya 74,6% 63.4% 87.0% 

X-raya filtered with 3 mm. alumiDum 63,4% 54.0% 73. d% 

X-rajB filtered with 10 mm. alummum. 55.0% 44.6% 62.8% 

X-raya filtered with 1 mm. cu.. 47.5% 40.8% 53.4^ 

Gammaraja 16,7% 15 4% 17.4% 

As it 'v^ould be very inconvenient to compare tlie absorption of the 
reagent in the test object always with mnscle tissue, we further 
determined whether the more easily accessible water has properties 
of absorbability equal to .those of muscle tissue. Water, like muscle 
tissue, is composed of elements of lowest atomic weight and there- 
fore has been frequently used for comparisons. 

Comparison of Absorption between Muscle Tissue and Water. 

Celluloid boxes of a wall thickness of 1 mm. and a lieight of 
5 cm. were also used for these experiments. Distilled water 5 cm* 
in height and ground meat 5 cm. in thickness were used for the 
measuring. 

We extended the investigations to the different varieties of hard- 
nesses of rays, i.e., X-rays, unfiltered; filtered with 3 mm. alumi- 
num, 10 mm. aluminum and 1 mm copper; and gamma-rays of 
mesothorium and radium filtered with 1.5 mm. brass plus 5 mm. 
celluloid. 

The results have been collected in the following table; 

Proportion of Absorp- 
Absorption m 5 Absorption in 5 tion in 5 em, of 
Hardness of Raya cm. of Water cm. of Meat Water to Absorp- 

tion ill 5 cm. Meat 
Unfiltered Xmys ........... 80,6% 81.6% 0,90 

X-raya filtered with 3 mm. al., 68.4% 70.0% 0,98 

X-rays filtered mik 10 mm. al 63.4% 65.4% 0.98 

X-rays filtered with I mm. cu.. 57.7% 50.5% 0.07 

Gamma -rays of mesothorium 
filtered with L5 mm brass + 
5 mm. celluloid , 21.5% 22,7% 0.95 



The values were obtained from a series of experiments; the 
mean of the readings on the electrometer was always taken. The 
degree of exactness of the measurements was considerably high on 
accoujit of using a Coolidge tube. 

We see from the table that the absorption in 5 cm. water differs 
only slightly from that in 5 cm. muscle tissue. The fact that the 
ratio of absorption in muscle and water is constant for the various 
degrees of hardness used may permit us to neglect the slight 
difference, so that instead of muscle we may use water in the 
measurements of absorption. Water serves in certain respects 
as a basis for the measurement of absorption in the biologic object. 

As water offers in certain experimentations difficulties on ac- 
eount of its liquid state, Perthes had to employ a solid substanoei 
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namely aluminum, as phantom material He has shown that 1 
mm. aluminum absorbs almost as great an amount of X-rays as 1 cm, 
of body tissue. These aluminum phantoms have found general use 
in practice on account of their convenience* Perthes' investigations 
were performed with relatively soft rays. The question arose 
whether these comparative determinations also hold good for our ex- 
perimentations in which we employ considerably harder radiations. 

Christen has already pointed to the fact that almninum deviates 
in its characteristics from those of water if stronger filters are 
used- The absorption in water and therefore muscle is smaller 
than would be expected accordiug to the calculations made in the 
aluminima phantom. 

We determined the deviations due to the hardnesses of rays 
considered in our experiments and record the same in the following 
table* We compared the absorption in a layer of water of 5 cm. 
placed in a celluloid box with that of an aluminum plate of 5 mm, 
thickness. We used the same quality of rays as in the preceding 
tables, and added another quality of radiation, in order to show 
that the measurements obtained with the soft ray conform to those 
of the investigations of Perthes, 

Abaorption in Abeorptlan in 

H&rdneu of lUja Wftter Aluminum Al/W 

UEfiltered raye apark gap 20 cm. * 82.7% 75 1% 0.»l 

tTnfiltered rays apark gap 30 era. . . . , 81 . 1% 70. 2% 0. 87 

X-ray9 filtered with 3 mm. aluminum 71.8% 53.4% 0.74 

X-rajB filtered with 10 mm. aluminnm. 62,4% 37.3% O.eO 

X-rays filtered with I mm, cu. . 68.7% 28.2% 0.48 

Gamma-raya of radium reap, meaoihorium filtered 

with 1.6 mm. braaa ^ 6 mm. celluloid. 22,7% 6.3% 0.28 



The table confirms the opinion of Christen and shows that we 
cannot use the alumimim phantom in our investigations on the 
hardnesses of rays we employ. The differences in the ratios of 
absorption in aluminnm and muscle or water are too great. 

Investigations about the Reagents used in the Test Objects. 

We have tested the ratio of the degree of absorption in the 
different reagents of the dosimeters to that of absorption in water 
with varying hardnesses of rays to obtain an idea of the extent 
of the discrepancies existing due to the reagents. This we could 
do as the biologic object may be replaced by the water phantom. 



Comparison of Absorption in Silver tmd in Water, 

The essential reacting substance in the Kienbock strips is, 
besides the bromine and chlorine, the silver contained in the photo- 
graphic fihn. To obtain an exact measure of the size of error of 
this test substance we determined the absorption in silver and 
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water with the various qualities of rays employed by us. We com- 
pared the absorption in 5 em. of water with that in a sheet of silver 
0.1 mm. thick. The results are contained in the following table * 

COMPARISON OF ABSORPTION OF X- AND GABOLA-RATS IN WATER 

AND SILVER 



Hardness 


Method 


5 Units of Scale 


Absorption 


Absorption 


Silver 


of Rays 


of 
Measur'g 


Water 


Silver 


of Electrometer 
in seconds 
10.2 
35.2 
11.0 
29.2 


in Water 


in Silver 


to Water 







11.0 


69.4% 


63.5% 


0.92 




Water 


35.0 


with 


with 


with 


Unflltered 





11.4 


correction 


correction 


correction 


X-rays 


Silver 


30.4 


for the 


for the 


0.93 







10.4 


insulation 


insulation 






Water 


36.0 


error 


error 









10.6 


79% 


73% 






Silver 


30.2 













11.2 










Water 


35.0 













11.2 













12.4 










Water 


26.4 













12.6 










Silver 


24.0 













12.6 


53.5% 


48.1% 


0.91 




Water 


27.2 


with 


with 


with 


X-rays filtered 





12.6 


correction 


correction 


correction 


with 3 mm. 


Silver 


24.4 


for the 


for the 


0.91 


aluminum 





12.4 


insulation 


insulation 






Water 


27.0 


error 


error 









12.6 


62% 


56% 






Silver 


24.2 













12.6 










Water 


27.8 













12.6 













11.4 










Water 


29.2 













12.0 










Silver 


21.2 













11.0 










Water 


28.2 








X-rays filtered 





11.6 








with 10 mm. 


Silver 


22.4 


59.5% 


45.8% 


0.77 


aluminum 



Water 


Silver 


Water 




11.8 
29.0 
11.8 
21.2 
12.0 
29.2 
12.0 









* Some of the measurements were carried on during a period of severe rains in sum- 
mer-time. The insulation of the measuring instrument seems to be less efficient Tn a damp 
atmosphere. Therefore, corresponding corrections for the loss of insulation had to be 
made, that were unnecessary in the other measurements made at more favorable seasons 
of the year. 
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' Hardness 


Method 


5 Unit« of Scale 


Absorption 


Absorption 


Silver 


of Raya 


of 


of Electrometer 


is Water 


in Silver 


to Water 




Meantr'g 




in 


seconds 








k 


D 






11.0 










1 


Water 






21.6 










1 









11.4 










1 


Silver 






16.4 










f 









11.4 




49,7% 


26.6% 


0.64 


1 


Water 






22.0 




with 


with 


with 


Xraje filtered 









11.2 




correction 


correction 


correction 


with 1 mm. cu. 

1 


Silver 


Water 


Silver 

Water 







14.8 
11.2 
22.0 
11.8 
16.4 
12.0 
23.2 
12.0 




for the 

insulation 

error 

66.6% 


for the 

insulation 

error 

20.0% 


0.51 







21 


.4 


21.4 


21 6 










Water 


27 


.8 


27.8 


28.0 








Gamma-rajs 





21 


.6 


21 8 


21.6 


nA% 


very small 


verymiall 




Silver 


21 


A 


21.6 


21.8 













21.4 


21.4 


21.6 









We see from this table that quite marked differeiiees exist in 
the ratios of the amount of absorption in water and in silver with 
the diflferent qualities of rays. 

Comparison of Ahsorption in Water and in Platinum. 

Platinum, besides barinm, serves as the reagent in the Saboo- 
rand-Noire tablets. In order to obtain a measure for the magnitude 
of the error of this test object we determined the absorption in 
platinum and in water for the different hardnesses of rays in the 
same manner as with silver. We compared the absorption in 
5 em. of water with that in a sheet of platinum of a thickness of 
0.03 mm. The results are contained in the following table 

COMPARISON OF ABSORPTION OF X- AND GAMMARAyS IN WATER 

AND PLATINUM 



AldMM 


Bfethod 


5 Units of Scale 


Absorption 


Absorption 


Platinum 


of RaTS 


of 

Meaaur'g 



Water 




of Electrometer 

in seoonde 

12.4 

$7.2 

12.4 


in Water 


in Platinum 


to Water 




Platinum 


23.0 


67% 


46.3% 


0.60 







12.4 


Witll 


with 


with 




Water 


37.8 


eorreetion 


correction 


correction 


Unaltered 





12.2 


for the 


for the 


0.70 


X-rays 


Platiniiin 


23 


insulation 


insulation 









12.4 


error 


error 






Water 


38.0 


76.6% 


63.3% 









12.6 










Platintiin 


23.4 













12.4 
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Hardness 
of Rays 



X-rays filtered 

with 3 mm. 

aluminum 



Method 

of 
Measur'g 

Water 

Platinum 

Water 

Platinum 

Water 



Platinum 





6 Units of Scale 
of Electrometer 
in seconds 

12.2 

30.0 

11.4 

17.4 

12.0 

20.4 

11.8 

16.8 

11.6 

28.4 

11.6 

15.4 

11.0 



Absorption 
in Water 



60.0% 

with 

correction 

for the 

insulation 

error 

70% 



Absorption 
in Platinum 



28.5% 

with 

correction 

for the 

insulation 

error 

33% 



Gamma-rays 





Water 



Platinum 





21.4 
25.6 
21.2 
21.4 
21.2 



21.0 
25.6 
21.4 
21.2 
21.4 



21.4 
26.2 
21.4 
21.6 
21.4 



17.8% 



Platintim 
to Water 



0.48 

with 

correction 

0.47 








13.2 










Water 


27.6 













13.2 










Platinum 


16.2 


52.2% 


19.0% 


0.86 







13.2 


with 


with 


with 


X-rays filtered 


Water 


27.4 


correction 


correction 


oorreetioii 


with 10 mm. 





13.2 


for the 


for the 


0.37 


aluminum 


Platinum 


16.2 


insulation 


insulation 









12.8 


error 


error 






Wat^ 


27.8 


59% 


22% 









' 13.0 










Platinum 


16.4 













18.2 













11.8 










Water 


22.8 













11.4 










Platinum 


13.2 


50.0% 


13.5% 


0.27 







11.6 


with 


with 


with 


X-rays filtered 


Water 


22.6 


correction 


correction 


correction 


with 1 mm. 





11.2 


for the 


for the 


0.27 


copper 


Platinum 


13.4 


insulation 


insulation 









11.4 


error 


error 






Water 


23.2 


56.5% 


15.5% 









12.0 










Platinum 


13.4 













11.4 









Tery small T«ry small 



We see from this table that here also marked differences are 
present in the ratio of the degree of absorption in water and in 
platinum. 

Comparison of Absorption in Water and in Selenium. 

The reacting body in the Fiirstenan intensimeter is chiefly 
selenium. To obtain an idea of the degree of error of this test 
body we determined the absorption of water and selenium with 
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the various hardnesses of rays. We compared the absorption in 
5 cm. of water with that in selenium of a thickness of 1.5 mm. 
The results are contained in the following table. 

COMPAMSON OF ABSORPTION OF X- AND GAMMA-RAYS IN WATER 

AND SELENIUM 



Hardness 
<if Rays 



Unfiltered 
X-rays 



Method 

of 

Measur'g 


Water 


Selenium 


Water 


Selenium 


Water 


Selenium 


Water 





5 Units of Scale 
of Electrometer 
in seconds 

10.6 
33.2 
10.6 
61.0 
10.8 
34.0 
10.8 
52.0 
10.6 
34.8 
11.2 
64.0 
11.2 
34.8 
11.2 



Absorption Absorption Selenium 
in Water in Selenium to Water 



68.0% 


79.0% 


1.16 


with 


with 


with 


correction 


correction 


correotion 


for the 


for the 


1.14 


insulation 


insulation 




error 


error 




78.2% 


89.6% 





X-rays filtered 

with 3 mm. 

aluminum 




Water 


Selenium 


Water 


Selenium 


Water 


Selenium 


Water 





12.2 
24.8 
12.2 
32.4 
11.8 
23.6 
11.8 
33.2 
12.0 
24.0 
12 
32.8 
12.0 
25.4 
12.0 



51.0% 


63.4% 


1.24 


with 


with 


with 


correction 


correction 


correction 


for the 


for the 


1.23 


insulation 


insulation 




error 


error 




59.4% 


73.0% 





X-rays filtered 
with 10 mm. 
aluminum 




Water 


Selenium 


Water 


Selenium 


Water 


Selenium 


Water 





11.4 
28.2 
11.6 
44.8 
11.4 
28.0 
11.6 
44.2 
12.0 
28.6 
11.2 
44.4 
11.6 
28.6 
11.0 



i».3% 



74% 



1.26 



38 



EADIOTHERAPY 



Hardii«t8 


Method 


6 Unita of Seale 


Ab«orption 


Absorption 


Selenium 


of RajB 


of 


of Electromeier 


in Water 


in Selenium 


to Water 




Mcaeur'^ 


in 


seconda 















10,6 












Water 




20.2 

















11.0 












Selenium 




20 4 












a 




10.8 




46.8% 


47.1% 


1.00 




Water 




20.6 




with 


with 











10.6 




correetion 


correction 




X-r«y8 filtered 


Selenium 




20.8 




for the 


for the 




witli 1 mm. cu. 







10.6 




influlation 


insulation 






Water 




20.2 




error 


error 











11.0 




64.8% 


54.8 






Selenium 




20.6 

















10.8 












Water 




21.0 

















ILO 















21.4 


21.4 


21 6 










Water 


27.8 


27.8 


27.0 








Gamma-rajs 





21.6 


21.8 


21.6 


22.4% 


2,6% 


O.ll 




Selenln 


22.4 


22.2 


22.2 













21,6 


21.8 


21.6 









We see from this table that marked differences also exist in 
the ratios of the degree of absorption in water and in seleninm 
with the different hardnesses of rays. However, the differences, 
when employing X-rays, are not as well marked as w^th silver and 
platinum, Qnite considerable differences also exist in tliis instance 
between the hardest X-rays and gamma-rays. 



Comparison of Absorption in Air and in Water. 

The air in the ionization chamber serves as the reagent in the 
dosimeters based on the ionization method. 

The great transmissibility of air toward X-rays made it neces- 
sary to modify the method of experimentation with which the 
measurements of absorption had been performed as described in 
the preceding paragraphs. In order to obtain approximately exact 
measuring results layers of air of a thickness of several meters 
were necessary as absorbing bodies, especially when using hard 
rays. 

The exact method of experimentation, as scheraetically repro- 
duced in Fig, 15 is as follows: A narrow beam of X-rays which 
was cut ont from the X-rays emitted from the focus of a Coolidgc 
tube by the diaphragms Bi and B2 struck the ionization chamber of 
the measuring instrument described on page 10- The ionization cham* 
ber was placed at a distance of 6 meters from the focus, A layer of 
air of a thickness of 5 meters respective to a layer of water 1 cul 
thick could be interposed in the following manner : Two iron pipes of 
a diameter of 15 cm. and a length of 5 meters were mounted upon a 
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large wooden table. The ends of these pipes were closed with sheets 
of celluloid 1 mm. tliick and mounted flanges which were packed with 
sealing wax. One of these pipes was connected to a Goede capsule 
pump and eould be evacuated to a few millimeters of air pressure, 
whUe in the other pipe the air could be compressed by means of 
a tire pump and a tire valve. A pressure of one atmosphere eould 
be obtained as read from a manometer. A wooden sled, on which 
both pipes were mounted enabled one to bring either the pipe filled 
with air or the one evacuated from air into the course of the rays. 
The layer of water W, which was to be tested was contained in a 
celluloid box of 1 mm* wall thickness. It could be inserted in the 
radiation beam at the end turned toward the tube as well as at the 
end turned away from the tube. The mean was taken from the 
absorption measurements with both positions of the layer of water. 
Pains were taken in the selection of the radiation beam, that the 
latter did nowhere strike the walls of the iron pipe and penetrated 
nothing else but the celluloid cover plates. The latter and also the 
celluloid box serving to hold the water were of the same thickness 
so that a source of error could not arise therefrom. The course 
of the measuring conformed to those described in the preceding 
experiments. 

COMPARISON OF ABSORPTION OF X AND GAMMA-RAYS 
IN WATER AND AIR 





Method 5 Utiita of Scale 








Hardness 


of of Electrometer 


Abflorption 


Absorption 


Air 


of Rays 


Measuring 

Without air 

With water St. 1 

Without air 


in Becondt 

22.6 
33.8 
22.4 


in Water 


in Air 


to Water 


Unfiltered 


With water St 1 


32.4 


32.5% 






X-raya 


Without air 

With wat^r St. 1 

WitJiout air 

Without air 

With air 
Without air 


22 4 
34.0 
22.6 

22.0 
30.2 
22.4 








ii 


With air 

Without air 

With air 
Without air 

Without air 

With water St, 2 

Without air 


30.4 
22.8 
31.2 

21.8 

22.0 
36.4 
22.6 




«7% 




<r 


With water St. 2 
Without air 

With water St 2 
Without air 


38.2 
22.4 
37 

21.8 


18% 




0.7S 
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Hardness 


of of Electrometer 


Absorption Absorption 


Air 


of Rays 


Measuring 

Without air 
With, water St. 1 


in seconds 

34.0 
44.2 


in Water in Air 


to Water 


X-rays filtered Without air 


33.8 






with 3 mm. 


With water St. 1 


44.0 


20.8% 




AliiniipnTn 


Without air 

With water St. 1 

Without air 

Without air 

With air 
Without air 


34.0 
44.8 
34.4 

34.4 
40.8 
34.6 






« 


With air 
Without air 

With air 
Without air 

Without air 

With water St. 2 

Without air 


42.7 
34.2 
41.0 
34.8 

35.0 
47.6 
35.2 


20% 




M 


With water St. 2 
Without air 

With water St. 2 
Without air 


46.0 
34.2 

46.2 
35.0 


25.2% 


0.74 




Without air 


44.0 








With water St. 1 


51.8 






X-rays filtered Without aii; 


42.0 






with 10 mm. 


With water St. 1 


50.6 


13.5% 




Aluminum 


Without air 

With water St. 1 

Without air 

Without air 

With air 
Without air 


44.6 
53.6 
46.2 

46.0 
52.2 
44.2 






M 


With air 
Without air 

With air 
Without air 

Without air 

With water St. 2 

Without air 


61.3 
45.4 
54.2 
47.0 

46.0 
56.4 
45.0 


13.5% 




M 


With water St. 2 
Without air 

With water St. 2 
Without air 


56.4 
46.6 
57.3 

47.8 


18.0% 


0.78 




Without nir 


62.0 








With water St. 1 


74.2 






X-rays 


Without air 


64.0 






filtered with 


With water St. 1 


72.6 


13% 




1 mm. cu. 


Without air 

With water St. 1 

Without air 


61.5 
73.0 
63.8 
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Method 6 


r 


nUi of SciiU' 


Uardnesa of 


of Klectrometer 


uf Ray« MeusurinfT 






Without air 




»4 2 


With air 




73.6 


U itiiniit ftir 




(12 4 


X-rayi filtered With air 




71 4 


with 1 mm. cu» Without iiir 




02 


With air 




71 4 


Without nir 




05.0 


Without flir 




04 


With wat<*r St. 


<ni 


75.7 


Withcmt nir 




<J2 2 


« With WHtcM St, 


2 


73 


Without air 




flO 


With wiiter St, 


o 


74 4 


Without iiir 




G3.2 



AhsorptLon AbHorption 
in Water in Air 



n% 



Air 
tn Water 



1«% 



0.8€ 




The table proves that the differences in the degree of absorp- 
tion in water and in air of rays of different hardnesses deviate so 
little from each other, that they may be neglected. 

It would have ]wvn dosirahle to also carry out the comparison 
of abt^orption of gamma-rays in air ami in water. Difficnities, 
however, immediately arise in such comparative measurements 
caused by the great penetration power of the gamma-rays as well 
as by the imposs^ibility to guard against undesirable radiations. 
We originally had the intention to carry • out the comparative 
measurements according to a different method in which air would 
be employed in the liquid state. However, we had to postpone the 
measurements, as it was impossible on account of war times to 
obtain the necessary quantities of liquid air. 

// ne sum up the results of the experiments described we see 
that of all the test snbstances considered^ air alone answers all 
the requirements tvhich^ from a theoretical standpoint, were placed 
on a test body as mentioned at the beginning of this chapter. 

The ratio of the degrees of absorption in water and in the test 
bodies is only constant in water and air for the different hard- 
nesses of rays, 

We proved this by experimentation with the different hardnesses 
of Rout gen- rays only in air. We were obliged to postpone the 
direct experimental proof of the constancy of the ratio of the de- 
grees of abs^orption in air and water for ganuna-rays. The prob- 
abilities are that the ratio for gamma-rays is the same as that for 
X-rays. The air, like the biologic object, is composed of bodies 
of low atomic weight. If we did prove a constancy for the ratio 
of the degrees of absorption in the biologic object and water we 
must assume that the ratio in water and air ^WIl be also constant 
for hard gamma-rays. A dependence of the size of the ratio of 
the degrees oF absorption in water and in the test objects on the 
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hardness of the rays is only then observed if test substances of 
sucli atomic weights are used that lie witliin the characteristic range 
of the hardness of these X-rays* 

Accordingly only those dosimeters are to be recommended which 
use air as test body for comparative measurements of the dose with 
the different hardnesses of rays. 

The other dosimeters may be employed in the comparative 
measurements of the dose obtained with one and the same quality 
of radiation. As we possess in this instance a definite ratio of 
the degree of absorption in the test body and in the biologic object, 
the degree of the reaction in the test body is proportional to the 
dose in the biologic object. 

The differences in the ratios between the values of absorption in 
water and the other test bodies may be traced back to selective ab- 
sorption. This selective absorption as source of error has been fre- 
quently discussed in the literature. Attention has been especially 
drawn to the so-called silver error of the Kienbock strips. It has 
l)et?n claimed that, with a knowii hardness of rays, the Kienbock 
strips as dosimeter would indicate a dose many times below as well 
as above this range of hardness. This statement has never been 
directly proven by experimentation. One, however, felt justified 
to maintain this opinion tlirough the investigations of Barkla, ,Adler 
and others on the selective absorption of X-rays in different bodies. 
These investigators observed a sudden increase in tlie absorption 
to multiple degrees with a slight increase in the hardness of rays 
as soon as one entered the range of the characteristic radiations 
of the metals, 

Barkla and his stxidents did not use in their experiments the 
primary rays from an X-ray tube to produce variations in the 
hardness of the rays. They employed the so-called homogeneous 
secondary rays or fluorescent radiations arising from substances of 
various atomic weights to investigate the absorption in certain 
substances. The range of hardness of these secondary rays is a 
limited one, as the name homogeneous radiation already implies, 
and the hardness is absolutely dependent on the atomic weight of 
the secondary radiator. 

The well-marked limits and the predominence of the domain 
of the selective absorption of a body in the experiments of Barkla 
are due to the eniployinent of these homogeneous radiations. 

The range of hardness, respectively the range of wave-lengths, 
of the primary X-rays is a wide one even if they are filtered. A 
large portion of the rays striking the body surface are of little 
importance in selective absorption. The domain of selective absorp- 
tion will not be so sharply marked with primary radiations as with 
homogeneous secondary rays and the domain of selective absorp- 
tion will be more or less obliterated. The selective absorption will 
1)0 tlie less marked the smaller tlie range of the wave-length is 
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which pertains to tht* selective absorption, in eompariaon to the 
range uf the wave-lciigth of the total radiation. 

The rloinain of selective absorption of the test bodies considered 
above is confined to rather soft rays with the exception of platinum 
as has been demonstrated by special recent investigations vntU the 
spectral analytit*al inethn<ls. The hardness of rays employed in 
our experiments are for the most part beyond the maximum for 
those of selective al)S(jrption and are removed the farther from 
it the stronger we filter. 

If we consider the results of the measurements of comparative 
absorption in water and test bodies from this viewpoint, we observe 
that an especially strong absorption does not appear in any of our 
test bodies with the liard rays employe^l, as for instance, has been 
claimed for the so-called silver error of the Kienbock strips. Only 
the difference in the ratio between the values of absorption in water 
on one hand, and in the test bodies silver, platinum and selenium 
on the other enables one to recognize the influence of seleetive 
absorption. 

Investigations on the Degree of Sensitiveness and Dependence 
of the Dosimi'fprs irhich are based on the Test Objects examined 
in the preceding chapters. 

The efficiency of measurements is not only judged from the 
test bodies but also from the degree of sensitiveness and dependence 
of the method. 

If we desire to examine a measuring method as to its sensitive- 
ness and dependence a practical way would be to use a constant 
source of rays for the investigation. With a constant source of 
radiation we may, in a measurable manner, vary the dose respec- 
tive to the intensity by changing the time respective to the distance 
and thus determine the sensitiveness. Further we may obtain a 
true picture of the dependence of the method by frequently repeat- 
ing the measurements under like conditions. 

The X-ray tube is not at all a source of constant radiations. 
The intensity and tlie composition of the rays depend on many 
factors, such as the construction of the inductor or transformer, 
tlie mamier of opei'ation, the condition of the tube, etc., also on 
factors that may change during the operation which are beyond 
our control. 

On the other liand, radio-active sulistances, especially radium 
and mesothorinm, furnish a radiation, the intensity and composi- 
tion of which are solely characterized by the radio-active sub- 
stances as such and by their amount. The radiation may be 
considered as constant due to the great length of life of radium 
and niesothorium and therefore may be used to test the dosimeter 
as to sensitiveness and dependence. To perform the standardiza- 
tion with a single preparation even with the strongest found in 
our possession, namely 70 mg. radium element activity, was im- 
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possible. The intensity of the radiation is already so minute at 
a comparatively short focal distance tliat the times of disehari^e 
would be so long that the sources of error previously discussed 
would play a predominant role. We possessed a large amount of 



ji 






m0^^fzzz.(^k^^-^^^^^^^^^^ 






7; 




□ 



Brass 



E3 Lead 



c 

Hard Rubber 



CtOaM^ 



Tadiizm and mesothorium of more than 1 ^, radio-activity in 23 
preparations partly in a cylindrical and partly in a flat capsular 
fornu They were placed in a radiation apparatus shown sche- 
matically in Fig. 16 and photograpliically in Fig. 17, To obtain 
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a radiation field useful for our measurements we constructed the 
carrier as follows: 

A closely fitting hard ruhher disk G was placed within a Hat 
brass box M of a wall thickness of L5 mm., of a diameter of 15 cm* 
and of a height of 1 cm. Furrows were cut in the hard rubber 
plate of such form, size and location, that all the preparations 
cotdd be distributed almost evenly upon the plate (see Fig. 17). 

The brass box, which also served as a filter was inserted in a 
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rouiid load chamber Pb of a wall thickness of 2 cm. The lower 
open surface exposed to the object to be radiated was closed by a 
celluloid plate C of 5 em, thickness. It extended 3 cm. beyond the 
periphery of the lead chamber to render harmless the secondary 
radiation arising in the lead chamber. As the preparations of 
radium and niesothorium varied considerably in their activity, the 
possibility existed that the regions of the object to be radiated 
lying directly under the stronger preparations, might receive a 
larger dose than the regions lying beneath the weaker preparations. 
To overcome this defect, the filter box with the preparations w^as 
made to turn around an axis during the course of the radiation. 

The velocity of the rotation ccmld be determined by means of 
a dial on the scale placed on the surface of the radiation apparatus. 
The time intervals between single rotations w^ere adjusted to the 
total iime consumed during the radiations. A mechanical arrange- 
ment for rotating the radium carrier could also be attached if 
radiations of short durations were to be given, thus to insure a 
steady rotation of the filter and radio-active prc^parations. The 
distance of the radio-active preparations from the lower surface 
of the celluloid plate could be varied at will by the interposition 
of lead rings. The distance usually amounted to 4 cm. We chose 
the distribution of the radio-active substance on such a large sur- 
face for the reason that with this method of distribution the 
decrease of intensity with the distance from the radiation source 
does not any more obey the law of squares but shows a gradual 
decrease of intensity which w^as very desirable for our purposes 
of radiation of biologic objects. 

Through a series of experiments a distribution of the prepara- 
tions was found that gave the most homogeneous radiation field. 
To determine the homogeneity of the radiation field we made use 
of the apparatus for measuring the intensity of rays described 
on page 9. The ionization ciiamber of the instrument couklj by 
the use of a stand, be brought to any desired and measurable posi- 
tion in relation to the radiation apparatus, wliich we will call the 
*' radium cannon. '^ The measuring was performed so that the 
time was observed within which the electrometer leaf passed 
through 5 divisions of the scale. In this manner we determined 
the distribution of the intensity of the radiation parallel to the 
under surface of tlie filter at a distance of 2 cm, antl the decrease 
of the intensity of the radiation in the centre of the ray beam 
with an increase in distance from the source of radiation. 

The error of the undesirable radiation and so fcn'th due to the 
considerably long duration of the time for a reading was always 
taken into aeeount. . 

The results of the measurements are recorded in the two fol- 
lowing tables. They are reproduced graphically. Fig, 18 shows 
the distribution of the intensity parallel to the lo%ver surface of 
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the filter, and Fig. 19 represents the decrease of the radiation 
intensitv with distance. 
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F|gi 18*— The distribution of the intensity of the gamma-rays of the radium cannon parallel 
to the ba^ at a distance of 2 cm. 
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Fig. 19. — Distribution of the intenaity of the gamma-rayfi uf the radium cannon vertical 

to the bade. 

We conclude from the graphs that vre did not attain a perfectly 
even distribution of the intensitj^ with the radiation beam employedt 
but the intensity of the rays within a space of the size of a few 
ccm. varies so little that comparative measurements could be made 
within this space with some exactness. 

Investigations on the Dependencp and Sensitiveness of the 

lontoquantimeter 

We designated the measoring method, which uses air as a test 
body, as tlie one most free from any objection. • Such dosimeters 
have been recently placed on the market We mention the ionto- 

quantinieter of Reiniger, Gebhert and Sehall and the ionometer of 
Siemens and Ilalske. We had at our disposition a dosimeter of 
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UcniUKiT, Cjt»l>I}ort and SehalL It consists of an electrometer which 
18 coiuicetetl to an ionization chamber with a cable well protected 
ajcraiiist ratliations. Tlie irniizatioii cliamher is exposed to the rays 
to be mea?fured. The discharge of the electrometer caused by the 
ionization at' air in the ionization chamber serves as a measure 
for the dose applied. 

As simple as the method appears to lie, it harbors the most 
varied sources of errors whieh may interfere with dependence. 

Insulation: One of the sources of errors is found in tlic insu- 
lation of the electrometer system. If the insulation of the system 
is not satisfactory, a discharge of the system will occur without 
the acti<in of rays. Accordingly one might measure the dose as 
too small if tlie undesirable rays act at the same time on the 
ionization chamber. This source of error has been avoided as far 
as [Hmsihle by the use of amber and tested rubber as insulation 
material. The insulation, however, must be tested before and after 
each use, as disturbances in the insulation may occur during an 
extended use through dust, humidity and so forth. 

Dlelfuiric PolarizatwiL — ^Another source of error also found 
in the insulation material is the dielectric polarization of the latter 
whic}) usually has been disregarded. The charge of the elec- 
trometer system creeps with time slowly into the insulation material, 
until it is completely polarized. This part of the charge again 
leaks out from the dielectric at the time of discharge of the elec- 
trometer system. Therefore, if one intends to determine the dose 
with a dosimeter that has not been charged for some time, the 
dose will be measured too smalL The influence of this source of 
error is the greater the loiiger the time lasts within which the 
desired dose is obtained. On the other hand, if the dosimeter had 
been more or less in a state of charge for a longer time, that is, 
if the dielectricum lias become polarized, then the soun^e of error. 
when we measure the dose, will act in the opposite direction and 
the dose will be measured too large; for during the discharge a 
part of the electric current that pri'viously crept into the dielectric 
will again leak out. This error also will i>e the greater the longer 
the time consumed to attain the desired dose. 

In order to obtain an idea of the source of error we instituted 
a series of experiments in which we determined the auiount of the 
quality of electricity which crept in and leaked out of the insula- 
tion \\ithin the time periods during which the applications had to 
be made* The quality of the insulation of the electrometer system 
naturally played an important role on these experiments. 

In determining the quality creeping into the dielectric the 
amount will be measured too high, because part of the charge of 
the electrometer is lost at the same time due to defective insulation. 

In determining the amount of electricity leaking out with the 
discharge, the defect in the insulation will act in the opposite 
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direction, and the quantity of electric current leaking out of the 
insulation is apparently decreased. 

The following curves (see Fig. 20) represent the values in a 
series of experiments which were performed with one of the 
iontoquantimeters used by us. 

Curve I was obtained so that the discharge of the electrometer 
of a freshly charged iontoquantimeter was observed every 5 min- 
utes. The curve II was gained in an analogous manner. However, 
the iontoquantimeter in this case was kept for 5 hours in a com- 
pletely charged state at the point 0, 

We see from the curves that a considerable difference exists 
between them. The freshly charged instrument has lost more than 
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TiQ. 20. — Errors of isolation and dielectriciun of the iontoquantimeter. 
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one-half of the twelve divisions of the scale within a period of time 
of 100 minutes, while the iontoquantimeter, charged for several 
hours has not quite lost two divisions of the scale within the same 
time period- This graph did not materially change if the time 
period of charge was extended before the experiment. We, there- 
fore, possess in graph II an approximate value for the size of the 
defect in the insulation. 

The graph III reproduces the result of an experiment in which 
the iontoquantimeter was charged for 5 hours prior to the test; 
it then was discharged in the shortest time possible while the move- 
ment of the electrometer was observed every 5 minutes. The graph 
shows that the electrometer goes back through three divisions of 
the scale within a time duration of 100 minutes. The graph at first 
ascends steeply and after a time of about 50 minutes runs horizon* 
tally. The error in the dielectric and the defect of insulation are 
in equilibrium after this time. 

These graphs naturally give us only a general idea of the propo- 
sitions just discussed; the conditions in reality are different. The 
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sources of error may be considerably lessened in practical uae by 
the observations made. 

We will be able to prevent the error of creeping in of the charge 
by charging the electrometer for some time prior to its nse. The 
error of creeping out is in reality much less, as expressed in graph 
Illy for the discharge of the instrument during dosation does not 
take place suddenly as in graph 111, but very slowly. We will 
arrive at a determination of the magnitude of this error much more 
closely, if, after keeping the instrument charged for a more or less 
long time, we do not discharge it to the end but rapidly to the 
middle of the scale which corresponds to a mean potential, and 
then observe the movement of the hand of the electrometer. Curve 
IV, which is a reproduction of the result of such an experiment, 
fibows that, indeed, the movement of the hand of the electrometer 
is much slower. We observed a slight rise of not quite one divi- 
■ion of the scale within the first 30 minutes, the hand then remains 
in the same position. The error of insulation in this instance acts 
moft favorably by almost wholly compensating the error of creep- 
ing out of the charge from the dielectric. The error will be still 
imaller than determined in curve IV during the quite gradual dis- 
diarge taking place while performing dosation, and in reality it 
will not materially rise above 5 per cent. 

Electrostatic Protection.— It is especially necessary to observe 
A good electrostatic protection of the electrometer system during 
the operation of X-ray tubes on account of the strong electric 
oscillations in the room. The iontoquantimeter has been quite 
extensively protected in this regard. However, it is deemed ad- 
visable to perform a few controls to guard against such sources 
of error. 

Undesirable Radiation. — ^The rays to be measured must alone 
enter the ionization chamber and here only cause the discharge of 
the electrometer during the measuring of the dose with the ionto- 
quantimeter* A discharge caused by the entrance of rays iu the 
cable or in the case of the electrometer would cause a source of 
grave error under certain circumstances. The electrometer housing 
of the iontoquantimeter is protected from X-rays by a tliick layer 
of lead. A hea^TT metallic protection of the cable against X-rays 
has not been made. However, a disturbing ionization in it need 
not be feared as the conducting wire is everywhere enclosed with 
the best insulation materiah The attachment of the wire to the 
ionization chamber is also rendered tight by paraffin filling, so here 
also a disturbing ionization cannot occur. The absence of air in 
all parts of the conductor of the iontoquantimeter is a decided 
advantage in comparison to other instruments in which the con- 
ducting wire is supported by insulation rings within the metallic 
tube filled with air. The above-mentioned defects of the dielectric 
are almost entirely absent from this kind of conductor. However, 
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the error of undesirable radiations may become considerably larger 
in conductors fiUed with air, especially with hard rays, than the 
defects of the dielectric. 

It goes without saying that we tested the iontoquantimeter for 
undesirable radiations in spite of these considerations. For this 
purpose the ionization chamber was protected all around with a 
thick sheet of lead, through which X-rays could not penetrate. The 
ionization chamber thus protected was exposed to the rays of a 
roentgen tube and placed in a position usually maintained during 
the measurements of the dose. The time-duration of the action of 
the X-rays conformed to the time which suffices for the adminis- 
tration of the usual dose* A series of such tests revealed that the 
undesirable radiation, when using the X-rays, was so small in the 
iontoquantimeter employed by us that it could be neglected when 
using this instrument as a dosimeter. 

The conditions are quite different when gamma-rays of radium 
or mesothorium are used. Undesirable rays do not act as disturb- 
ing factors in the cable. However, the lead-wall of the electrometer 
box does not afford protection against the entrance af these pene- 
trating rays, A considerable reinforcement of the lead-wall also 
would not afford protection. As the size of the space of the 
ionization chamber is much smaller than the air space of the 
electrometer case, the error caused by the entrance of imdesirable 
rays into the electrometer case is very important in spite of the 
much greater distance of the electrometer case from the radiation 
source, and it must be taken into account. Therefore the size of 
this error must be measured with each determination of a dose of 
ganmia-rays. 

An example will easily explain the method of the determination 
of the undesirable radiation. 

We intend to apply a dose at a certain place of a biologic object 
which corresponds to five complete discharges of the scale of the 
iontoquantimeter. The source of radiation remains in the same 
position as the ionization chamber during the entire time. 

The time during which a complete discharge of the scale occurs 
amounts to 10 minutes. Now let us remove the ionization chamber, 
while the radiation source remains in the same location, and place 
the chamber directly beside the electrometer box and, after charg- 
ing the electrometer system, again observe the movement of the 
electrometer during 10 minutes. We observe that the hand of the 
electrometer passes through 5 divisions of the scale within 10 
minutes. This amount does not wholly equal the size of the unde- 
sirable radiation, but it approaches it very closely, for one not 
only measures the undesirable radiation but also the radiation in 
the ionization chamber. But, as mentioned, the air volume in the 
ionization chamber is disproportionately much smaller than the air 
volume in the electrometer casing. The ionization activated in the 
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air volume of the ionization chamber may be neglected as both air 
spaces are now located at an equal distance from the source of 
radiation. 

During the ten minutes in which the rays acted on the ioni- 
zation chamber and the hand of the electrometer passed through 
the entire scale, only % of the discharge was caused by the desira- 
ble and Ys by the undesirable radiation. If we intend to apply a 
dose which corresponds to 5 consecutive discharges of the entire 
scale of the electrometer, we must not ray 5 times 10 minutes but 5 
times 12 minutes, as a constant source of error is present when using 
radium-rays. 

A similar correction must be made in all cases in which^ gamma- 
rays of radium or mesothorium.are used. 

Errors of constriwtion of the ionization chamher. The sources 
of error so far discussed were founded in the method as such and 
were, as we saw, partly unavoidable. 
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Another source of error may be added, found in the iontoquan- 
timeter obtainable in the market. The error is due to the faxdty 
construction of the ionization chamber. 

The ionization chamber of the iontoquantimeters found in the 
market consists of a square f oursided closed brass tube of a square 
transverse section, of a clear length of 37 mm., a clear height of 10 
mm., and a clear width of 10 mm. and a wall thiclmess of 4.5 nrni. 
(See Fig, 21.) Tlie brass tube is lined on the interior with a sheet 
of lead of a thickness of 3 mm,, and this again with a thin sheet 
of German silver of 1 mm. thickness. The latter, probably, serves 
the purpose of giving the interior space a more stable form than 
could be had with the easily compressable lead. The square trans- 
verse section of the interior space is of a volume of 1 sq, cm. A 
small square window F of 1 sq. cm. is located on the upper surface 
of the chamber. The latter is closed by a thin leaf of aluminum. 
The rays to be measured are supposed to enter the chamber through 
the window. A brass rod E of 2 mm. diameter and a length of 
about 1 cm. serves as the inner electrode. It is insulated with 
amber. 

The air space of the volume 1 ccm- serves for the measuring. 
The volume is fixed bv the aluminum window. The walls of the 
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AssxibeT are supposed to be heavy enongh to keep imdesirable 
radiations away from the air contained in the chamber, the size of 
which is quite large, as may be seen from Fig. 21, 

The walls of the ionization chamber offer an adequate protec- 
tion against X-rays, even against the relatively hard rays employed 
in our investigations. However, they cannot sufficiently check the 
hard gamma-rays of radium and mesothorium. Part of the pene- 
trating rays will enter the ionization chamber through the brass 
and lead wall and thus contribute to the discharge of the elec- 
trometer. We wiU consequently read too large a dose on the 
instrument. 

Another grave error of construction of the ionization chamber 
lies in the selection of the material. We approved the iontoquan- 
timeter as preferable to all other dosimeters because we consider 
air as the least objectionable test object. If rays enter the interior 
of the ionization chamber just described through the aluminum 
window, the air in the chamber will become ionized and at the 
same time they activate secondary rays in the metal wall of the 
chamber, corpuscular secondary rays, secondary cathode rays, 
and also secondary rays of the character of the X-rays, and 
the scattered radiation* It is self-evident that these rays also 
will ionize the air within the chamber and are a source of error. 
The reason that these secondary rays may become an error can be 
^ explained as follows : 

The hardness of the secondary radiation is proportional to the 
absorbed X-ray energy in the body from which the secondary rays 
are emitted* The hardness of the secondary rays will therefore 
obey similar laws as the absorption of the X-rays. As the walls of 
the ionization chamber consist of a metal of high atomic weight, 
the amount of ionization caused by the secondary rays will differ 
just as the ionization caused by X-rays in air wiH differ accord- 
ingly as qualities of rays of various hardnesses are measured* 

The size of the error depends on the difference between the 
ionization of the secondary rays and the ionization of the X-rays. 
The proportion of ionization by secondary rays to that of ioniza- 
tion of X-rays of the air in an ionization chamber of such a small 
volume as used in the iontoquantimeter, is especially imfavorable 
because the primary rays are slightly and the secondary cathode 
rays arising in the walls of the chamber are strongly absorbed in 
the air volume. The error attributable to secondary rays may 
become so great that the ionization caused by the secondary rays 
will be many times greater than the ionization produced by the pri- 
mary X-rays. The correctness of regarding the air as a test reagent 
in the iontoquantimeter may justly be doubted. It is possible, as 
we will see later, to construct an ionization chamber in which the 
wall radiation is completely removed and in which, therefore, air 
alone acts as the test body. Such a chamber is, however, unhandy 
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and so complicated in structure that it is unsuitable for practical 
dosimetry. 

We may remove the error of the wall radiation hy choosing in 
its construction conductive material of low atomic weight, for 
example, carbon or graphite, instead of the metals of high atomic 
weight found in the iontoquantimeter obtainable in the market. 
The wall radiation present in the chambers constructed of mate- 
rial of low atomic weight will not contribute to the source of error, 
because the secondary radiation from the carbon is proportional 
to the absorption of the primary radiation in carbon and therefore 
also proportional to the absorption in the biologic object Though 
the low atomic weight of carbon renders this conclusion as probable 
we have, nevertheless, examined the absorption in carbon and water 
in an analogous manner as in the investigations of the test bodies 
employed in the ordinary dosimeters. We used for these measure- 
ments a plate of chemically pure carbon of a thickness of 4 cm. 
and the customary layer of water of a thickness of 5 cm. 

In the following table the results of these measurements have 
been compiled. 

COMPARISON OF ABSORPTION OP X* AND GAMMA-RAYS IN WATER 

Al!(D CARBON 





Method 


5 Units of Scal« 








Hardneas 


of 


of Electrometer 


Abaorption 


Absorption 


Carbon 


of RajB 


Measuring 


Water 


Carbon 


in aeconda 
10 2 

10.4 
2S.4 


in Water 


in Carbon 


to Water 







10.2 


«»% 


62,3% 


0.90 




Water 


33.6 


with 


with 


with 


Unflltered 





10.4 


correction 


correction 


correction 


X-rajB 


Carbon 


27.4 


for 


for 


0.89 







10.4 


imaulation 


Insulation 






Wat«r 


34. 


error 


error 









10.2 


78% 


69.5% 






Carbon 


23.0 













10.6 










Water 


33.2 













10.6 













11.6 










Water 


22.6 













11. 6 










Carbon 


20.2 













11.4 


60.8% 


46.4% 


0.M 




Water 


23.2 


with 


with 


with 


Xrajs filtered 





11.2 


correction 


correction 


correotioQ 


with 3 mm. 


Carbon 


21.2 


for 


for 


0.89 


A^iimifiiiin 





11. e 


insulation 


iiiBulation 






Water 


23,8 


error 


error 









11. S 


68% 


61.7% 






Carbon 


21. ft 













12.2 










Water 


24. d 








• 





12.2 









HiLrdiiefts 
of RajB 



RADIOTHERAPY 



5 Units of Scale 
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We see from this table that the ratio of absorptions in carbon 
and water with the different hardnesses of rays may, indeed^ be 
considered as constant for onr purposes. Though the air in such 
an ionization chamber with carbon walls does not serve as a test 
body in its proper sense, as the secondary rays formed in the wall 
of the chamber also partly contribute to the ionization, still all 
the requirements are fulfilled with such a chamber on account of 
the low atomic weight of the carbon.* 

The ionization chamber with graphite electrodes and walls and 

• B«aidefl carbon, other tnbstances of low atomic weight which might be suitable for 
t^ eonatruction of ionization chambers and electrodes such as celluloid, cow's horn, wood 
fiber, and bo forth, have been tested for their absorption of rays in comparison to that of 
water. The meaaurementa of all these substaneea proved that & good constant of the 
ratio of absorption exists In them and water with various hardneaees of rays. The sub- 
stances named are suitable for the construction of ionlEation chambers if tbej have beea 
rendarcd conductive to electricity by proper treatment, for instancei grapbitiEing the 
flurface. 
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their connection with the flexible conductor to the electrometer 
was constructed as follows: Fig, 22 shows the construction in a 
schematic outline. The end of the rubber cable K, which contained 
the conductor to the electrometer, was inserted into the brass tube 
R, The latter was soldered to the flexible outer metal protecting 
wall of the cable and clamped to it with a hard rubber screw ring. 
The ionization chamber J was fastened down with the screw cap U. 
The chamber was composed of buffalo horn and constructed of one 
piece. The thickness of the wall was about 0.8 mm. The inner 
surface of the chamber as also part of the external surface which 
projected above the screw cap were covered with graphite. The 
graphite was rubbed in firmly with a steel polishing rod to render 
the layer of graphite as even and to impermeate the horn as firmly 
as possible. 

The inner side of the ionization chamber^ thus rendered conduc- 
tive, served also as one of the electrodes* The other electrode E 
consisted of a small stick of carbon, wliich was attached to the 
measuring rod M. A piece of amber B of a suitable form served 
as a support and a means of insulation of the measuring rod from 
the carbon electrode. Care was taken that the end of the brass 
rod did not enter the chamber. The other end of the brass rod was 
soldered to the insulated wire. This end of the cable was removed 
from the insulated wire without touching it with the fingers or 
dirty tools in order to maintain the best properties of insulation. 
The air space that remained between the amber piece and the end 
of the rubber cable within the brass tube, was tightly filled mth 
paraffin through the two openings that could be closed with a 
screw cap. The suitable dimensions of the ionization chamber were, 
diameter of 10 mm. and length of 20 mm. The graphite electrode 
was 2 mm. thick and 15 mm. long. All dosations, even when using 
various qualities of rays may be performed with a chamber thus 
constructed. We at first used in our biologic investigations an 
ionization chamber of aluminum waUs and electrode as the proper 
construction of the cow's horn ionization chamber had not as 
yet been perfected. We could use the results obtained with the 
aluminum chamber dosimeter^ as it otherwise possessed the same 
sensitiveness and dependability* We applied the corresponding 
corrections as soon as we had gauged the aluminum chamber with 
the graphite chamber. 

The aluminum chambers were similarly constructed as the 
carbon chambers. In one of the models the wall of the chamber 
consisted of an aluminum tube with a conical point of a wall thick- 
ness of 2 mm. This model was especially used in measurements 
witliin the body cavity, where a greater stability of the chamber 
is required. 

A second model also was used for surface measurements, in 
which the wall thickness was chosen especially thin. It amounted to 
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of electricity which raises a sphere of a radius of 1 chl to the 
unit of potential, i.e., 300 volts. According to Kohlrausch it is 
expressed i^ith a small e. A unit also had been proposed by SzUard 
in describing his quantimeter. He proposed to express the dose 
in the number of ions which is produced in 1 cchl of air under the 
influence of the rays to be measured. He declared as unit the 
megamegaion. We give preference to the electrostatic unit as unit 
of dose instead of the megamegaion, because the electrostatic unit 
is a knoif\Ti and absolute unit in the science of electricity and we 
do not deem it advisable to add a new unit to the innumerable 
units already existing. 

We have minutely discussed the sources of errors, which are 
due to the construction of the iontoquantimeters found in the nmr^ 
ket. The scale, attached to Szilard's instrument, which expresses 
the dose in numbers of ions per ccm., is incorrect and requires a 
new gauging, which we have carried out. The foUowing method 
for this procedure was decided on after a number of preliminary 
tests and appears to be free from any objections. In this the time 
is determined in which an electrometer system of a mefeisurable 
capacity is discharged by a measurable potential through the ion- 
ization of a known volume of air in a chamber free from any defects 
of construction. This discharge time was compared Tvith the 
discharge time of a constant radiation in the instrument to be 
standardized. The amount of electricity transported through ion- 
ization may be calculated from the known capacity of the stand- 
ardized instrument and the loss of the potential measured* It can 
then be expressed in electrostatic units per ccm. of air if the volume 
of the iordzation chamber is known. 

The Arrangement of the Experiment 

Ionization Chamber. — ^It is a presupposition for the measuring 
of an ionization in a knowTi volume of air respectively for the 
measuring of the quantity of electricity transported by the ioniza- 
tion in this volume of air, that the air be exclusively ionized by 
the X-rays and that a secondary radiation in the walls does not 
at the same time contribute to the ionization. 

The principle of the ionization chamber used by us for the 
ionization and which possessed the presupposition of the absence 
of any wall radiation and yet permitted to determine the ionization 
in a measurable volume of air, was as follows: 

The size of the beam of radiation is defined by adjustable 
diaphragms and enters the ionization chamber. The transverse 
section of the column of air in the ionization chamber ionized by 
the rays is determined by the diaphragm and by the known dis- 
tance of the focus of the tube from the ionization chamber. The 
electrodes of the ionization chamber are placed parallel to the 
direction of rays so that they may not be struck by the rays. The 
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limits of the length of the ionized air coliinm which should serve 
for the measuring are attained by placing before and behind the 
electrodes of the ionization chamber two accessary electrodes which 
are attached as close as possible to the proper electrodes. They 
produce an electrical accessary field which keeps all ions away 
from the proper electrodes that may arise externally to the ionized 
air columns defined by the position of the accessary electrodes. The 
ions produced by the wall radiation of the thin posterior wall of 
the ionization chamber and the diaphragms are thereby kept away 
from the measuring chamber proper. The volume of air in which 
the ionization is to be measured is determined by the diameter 
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of the diaphragms and by the distance of both accessary fields. The 
ionization chamber used by us and based on tliis principle and 
reproduced in detail in Fig. 25, was constructed as follows : 

Tm^o plates of aluminum 1 mm. thick were placed in a round 
brass pipe 20 chl long and 5 cm. in diameter. The upper plate Pj 
which was grounded, was of a rectangular shape, 12 cm. long and 
3.5 cm. broad. It was fixed parallel to the axis of the brass tube 
by a rmg-shaped hard rubber support E. A brass stem l^ith a 
binding post passed through an ebonite stopper to the exterior. 
The ebonite stopper was held in the adjoining tube. The lower 
plate Fif which was to be connected to the electrometer, was also 
rectangular, 1.5 cm. wide and 6.5 cm. long. It was held parallel 
and at a distance of 2 chl from plate P, by a copper rod which 
passed through a second adjoining tube A, exactly opposite to 
the first one. The copper-rod w^as insulated by amber. Fa could 
be moved up and down by a locking screw. The plate ?» served 
for the purpose of forming the accessary field in the interior of 
the brass tube. It surrounded the plate Pa in the form of a rect- 
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angular rim and was kept at the same distance as Pi from P« by 
the supports E. The space between P2 and Pa was designed as 
small as possible and was about 1 nun. wide. The connection of 
Pi with the electric system was attained by a brass rod, which 
passed through the brass tuhe and was insulated with a hard rubber 
stopper and provided mth a loekscrew. The side of the brass 
tube exposed to the source of radiation was closed by a lead disc 
B, 10 mnL thick, in which a circular opening 8 mm* wide was drilled 
centrally* It thus defined the radiation iSeara entering the ionization 
chamber. The opening was closed with a very thin plate of cellu- 
loid. The posterior cover Bi was constructed of aluminum with 
a round opening of a diameter of 2 em, which was closed with a 
very thin carbonized paper in order to obtain as few secondary 
rays as possible in the ionization chamber. It could be replaced 
by a small fluorescent screen of barium platinum cyanide for the 
purpose of correctly adjusting the apparatus within the radiation 
beam* 

A brass tube M of a length of 12 cm. was inserted in the anterior 
cover. A diaphragm D of lead with an opening 10 mm, in size 
was placed at the outer end to prevent the entrance of undesirable 
rays into the ionization chamber- 

The support of the ionization chamber was composed of a heavy 
brass tube of a diameter of 20 mm. It served at the same time 
the purpose of giving passage to the wire connecting the lower 
electrode Pa of the electrometer. The connecting wre consisted 
of a fine polished copper wire, it ran coaxial and was kept isolated 
at the ends by amber supports. The wire terminated above in a 
small copper bowl Q which was amalgamated on the inside and 
contained mercury. 

A piece of brass tubing F was attached to the upper end of 
the holder. It received the lower joint tube Ai of the ionization 
chamber which fitted exactly into tube F. The amalgamated copper 
rod connected to the plate P* dipped into the bowl Q and thus 
effected a positive contact with the conducting wire of the elec- 
trometer. 

The capacity of the air chamber is determined 

1. By the size of the diaphragm, which limits the radiation 
beam; 

2. By the distance of the electrodes from the accessary field; 

3. By the divergence of the raybeam, which is dependent on 
the distance of the anticathode from the ionization chamber. 

The diameter of the circular diaphragm is 8 muL; the distance 
between the accessary electrodes 65 mm*, and the distance of the 
source of radiation from the center of the measuring chamber 90 
cm. The measuring chamber therefore has the form of an obtuse 
cone with a diameter of the end surfaces of 8,5 respectively 10 mm., 
and a height of 65 mnL 
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The volume of the obtuse cone is 4,38 ccm. according to the 
established calculations for obtnse cones. 

The Electrometer Systenu — We used the instmment described 
on page 81 as electrometer system for measuring the intensity. 
In place of the ionization chamber used for the measuring of inten- 
sity we snbstitnted the air chamber just described. It was connected 
to the electrometer with the proper connections* 

Measuring Condenser, — For the determination of the capacity 
of the electrometer system we use the method of division of the 
potential. According to tkis method the electrometer system, the 
capacity of which one intends to determine, is charged to a known 
potential and connected with a condenser of known capacity, that 
previously had been grounded. The drop in the potential caused 
thereby is observed on the electrometer. From the initial potential 
and from the potential remaining after closing the condenser, the 
capacity of the electrometer system may be calculated. The follow- 
ing simple equation will be observed: 

C. : Ci = (Vi - V,) : Vt 

Ca expresses the capacity of the electrometer system charged 
to the potential Vi, Ci the capacity of the measuring condenser, 
and Vt the potential of the electrometer after thro^^g in the 
condenser. 

The condenser for measuring the capacity was a Curie ^a plate 
condenser and was constructed in the following manner: 

Two glass plates of 50 cm. diameter and 12 mm- thickness, one 
side of which was chemically silver-plated, served as condenser 
plates. Both these plates were placed parallel and coaxial to each 
other with a small distance between. To maintain the distance 
small pieces of plate glass of exactly the same thickness were 
placed at the edges of the glass plates at points marked by the 
ends of an equilateral triangle. 

In order to avoid the error that might have arisen by an acei* 
dental bending of the glass plates, the lower condenser plate was 
placed on three supports of hard rubber, each of the same size 
and at places corresponding to tliose for the glass-supports. 
Therefore, a bending of the glass plate would occur in both plates 
simultaneously, and the distance between them not be changed. 
A circular layer, 1.5 mm, wide was removed from the silver layer 
of the upper plate by a compass-like arrangement by means of a 
copper chisel, thus to construct the protecting ring necessary for 
the exact calculation of the capacity. The diameter of the inner 
circular silver layer was 405.7 mm.; the diameter of the outer 
protection ring was about 5 em. The upper condenser plate had 
a hole in the center to render possible a connection to the silver- 
plating. In the hole, which was also plated with silver, a brass 
stopper lined ^dth staniol was inserted, to which the connecting 
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wire was soldered. Care was taken that not a particle of this wire 
extended over the edge of the silver layer. The entire condenser 
was placed on a large wooden board and covered with a bell glass 
throngh which the necessary conducting mres, well insulated, were 
inserted. Two bowls filled with calcium chloride, to keep the air 
dry, were placed so that they could not influence the capacity of 
the condenser. The insulation of the condenser after repeated 
moistening mth distilled water and careful drying of the condenser 
plates, proved to be entirely adequate. 

For the computation of the capacity we employed the formula 
of Kohlrausch: 

(r + n) 2 



C = 



16d 



in which r signifies the radius of the collecting plate, n the inner 
radius of the protecting ring, and d the distance of the plate. 
Inserting the values for our condenser, r = 202,9 muL, ri = 203.7 
mnL, and d = 5.38 mm,, the capacity is computed to be 1921 cm. 
The capacity of the wire conductor of the condenser, and the 
switches, later to be described (see Zi and Si in Fig 26), were 
determined according to the method of Harms and gave 9.9 chl 
Thus we obtain for the capacity of the measuring condenser with 
connecting wiring the value of 1930 cm. 

Figure 26 shows the schematic arrangement of the experiment 
with the sketch of the coimections belonging to it. Fig. 27 is a 
photographic reproduction of the apparatus. 

The measuring condenser under the glass bell G was placed on 
one side of a large table T, The air measuring chamber J with its 
support H consisting of a three-legged small table, was placed above 
the condenser. The support H was fastened with screws to the 
surface of the table in a vertical position by a properly constructed 
wooden frame Hi. 

The wiring to the air chamber protruding from the under side of 
support H was connected on one side 'with a 'vrire to the connecting 
post Z of the electrometer, for which purpose we used the rubber 
cable provided Mitli an electrostatic protection. It was carried from 
below through the plate of the table and kept in place and position 
by a proper support of wood. The wiring also was connected with 
the switch S, which permitted throwing for a short time the meas- 
uring condenser by the wire L into the electrometer system. 
The switch was arranged so that the collector plate of the con- 
denser was grounded before throwing in the electrometer system. 
Air chamber, wiring and switch were placed in the lead cases Bi 
and Bz, to protect them from the X-rays* The brass tube carrying 
the leaden diaphragms was the only part of the apparatus that 
projected out of the lead case. The connecting wiring to the electro- 
meter and the measuring condenser were carried through the lead 
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pipes Ri and R- each 15 ciiL long to avoir] the cut ranee of X-rays 
into the switch ehanil>er. .To avoid secondary rays which might 
arise from X-rays entering the air chamber in the walls of the lead 
box an<l tliiis eventually give rise to sources of error, the X-rays 
left the lead eases throuij:h an attached lead pipe without striking 
the walls of it It may be seen in the photographic reprodnetion. 
The electrometer E and the apparatus for the activation of the 
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necessary measurable electrical potential was phiced on tJie anterior 
pai't of the tal)le. 

It consisted of a Ruhstraat resistance of 5000 olmis which was 
directly connected to the electric power plant of a potential of 200 
volts. The one side of the system to which was connected the 
ground wire of the central system, was grounded* Through a con- 
troUer any desired potential of to 200 volts could be obtained. Its 
amount could he determined by an interposed nornuil voltmeter V 
of llartmann and Braun. The electrometer system could be charged 
with the potential switch to the desired potential, or by the two pole 
changers S2 and S3 the protecting ring r of the measuring condenser 
could be grounded or changed to the desired potential, or the acces- 
sary field F in the air chamber could always be changed to the 
desired potential. All the protecting covers of the apparatus were 
grounded by wires soldered to them. 

The ionization chamber of the instrument to be standardized was 
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placed on a wooden frame at tlie same height with the air chamber 
and at the same distance from the X-ray tobe. As it was necessary 
during the course of the ganging to exclude the X-rays from this 
chamber during the time of the recharge of the electrometer system, 

the chamber could be lowered by means of its support into a leaded 
bowl li in wliich it could not be struck l)y the X-rays, 

Production of the X-Rays 

We used a large inductor with gas interrupter for the production 
of the X-rays, as X-ray tube a Coolidge tube, the hot cathode of 
which was heated by a storage battery. Besides a hot cathode venti- 
lation tube an accessary spark gap of 5 cm- was placed iu series i^dth 
the Coolidge tube. The voltage in the tube differed with the different 
filters. It was the same as previously determined as best suitable 
with these filters. As it was of the utmost importance that the room 
in which the gauging apparatus was located shoukl be kept as free as 
possible from X-rays, from which a source of grave error might 
arise, tlie inductor and X-ray tube were placed in an adjoining room. 
The communicating door was covered with heavy- lead plates. The 
Coolidge tube, which was placed in a bowl of leaded glass, was carried 
in a wooden stand placed close to the leaded door, A narrow beam 
of X-rays was directed through an opening of 5 mm. located in the 
leaden door into the measuring room to the air chamber. The dis- 
tance from focus to the center of the air chamber was 90 cm. 

Through another small opening a few ceutimcters laterally from 
the first one, a second radiation beam was directed to the chamber 
of the dosimeter. 

Determination of the Capacity of the Electrometer Syste7n, 

After the electrometer system had been kept charged with the 
charging arrangement (see Fig, 26), to 200 volts during several 
hours to avoid the error of the dielectric, the electrodes of the acces- 
sary field were brought to the same potential tlirougb the switch Sa, 
The protecting ring r and the collector plates of the condenser were 
grounded through switches S- and Su The position of the electro- 
meter needle in the scale of the electrometer was noted. Then 
through switch Si the measuring condenser of the eleetmmeter sys- 
tem was closed for as short a time as possible and simultaneously 
througli switches S2 and Sa the jirotecting ring r and the electrodes 
of the accessary field F were brought to the potential of the electro- 
meter system, which had been previously determined by experimenta- 
tion after closing the measuring condensers. The position of the 
needle of the electrometer system was again read and noted. 

The results of six such measurements have been entered in the 
following table. In the first column the position of the electrometer 
needle has been recorded before closing the measuring condenser, 
while in the second column the position of the electrometer needle 
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after closing the measuring condenser is entered. We see from the 
miuibers that a remarkable conforniitv of the values exists. 



Poaitinn of leaf of electrometer 


Position of leaf of electrometer 


before closure uf ineni«uring condeasAtor 


aft^r cloMure of inea^suring condensator 


— 35.0 


-f I 5 


— 33.0 


-hi. 6 


— 35 


-1-1.5 


— 35.0 


+ 1.5 


— 35.0 


+ 1.5 


— 35 


+ 14 



We could fletoniiine through the preciston voltmeter V to what 
potential, expressed in volts, the position of the electrometer needle 
correspojiiled. A potential of 217.5 volts was determined before clos- 
ing the measuring condenser and a mean potential of 115.6 volts after 
closing the measnring condenser for six reatlings of tlie electrometer 
needle. From these values the capacity of the electrometer system 
Ca is calculated as 

C. : 1930 = (217.5 - 115.G) : 115-6 

therefore Ca equals 1700 cm, 

A capacity of 1715 em, respectively 1683 cm. was obtained from 
two other measurements. Therefore we may take a meau capacity 

of 170U cm. for our further experiments. 

Insertion of the Ionization Chamher. 

The insertion of the air chamber and the iontoquantimeter 
chamber to be standardized with the same into the radiation beam 
was performed by means of the X-rays, For this purpose the rear 
cover of graphite paper was replaced with a cover of the same size, 
the opening however was closed with a barium platinum cyanide 
screen which was provided with a hole in the center, the size of 1 mm, 

The focus of the X-ray tul)e, the opening in the lead wall as well 
as both diaphragms of the air chamber were placed in one line by 
aiming through the small opening in the lead diaphragm. The X-ray 
tube was then activated. The ojiening in tlie anterior lead cover of 
the air cliamber may then be observed as a luminous circle upon the 
fluorescent screen. By moving the tube in its holder it was possible 
to bring the snudl opening, seen as a non-luminous spot in the center 
of the luminous circle, in an exact alignment with the center of the 
luminous field. When this was attained then the point source of 
X*rays on the anticathode was exactly placed in the center of the 
air chamber. The exact alignment was finally tested by a photo- 
graphic control. 

The alignment of the ionization chamber of the instrument to be 
standardized was also performed with a luminous screen. The 
wooden stand wliich carried tlie connections as well as this chamber, 
was moved about until tlie chamber was located entirelv within the 
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radiation beam passing through the small opening in the lead wall. 
Care was natn rally taken that tlie distance of the eliaraber, to be 
standardized, from tlie antieathode remained the same as the dis- 
tance of the middle of the air chamber to the source of radiation. 

The Sources of Errors, 

The sonrces of errors in the gauging process were identically 
the same as those pre\4ously mentioned in the measurements of the 
intensity of X-rays and in the deseription of the iontoqaantinieter. 
Electrostatic disturbances never appear to be disturbing due to the 
enclosure of the entire electrometer system in grounded metal covers. 
The leaves or hand% of the eleetrometer of the iontoquantimeter re- 
mained completely at rest even if an inductor was operated with 
a long parallel spark gap without insertion of the X-ray tube. The 
error, caused l>y a defective insulation of the electrometer system and 
the creeping in and leaking out of the charge of the electrometer sys- 
tem in the dielectric of the cable, w'as determined in the gauging 
system as well as in the iontoquantuneter to be standardized before 
and after each test. The disturbances which might have been caused 
by an undesirable radiation within the measuring room and might 
have produced an unintentional discharge of the electrometer, were 
prevented by placing the source of radiation of the X-ray tube in a 
neighboring room. If the diaphragm of the air chamber was closed 
by a lead-sheet, or if the ionization chamber of the instrument to be 
gauged was lowered into the lead bo%vl, the electrometers were prac- 
tically at rest during the time duration of a test. Finally we may 
mention a source of error wliich could arise from the possibility that 
the two X-ray beams leading to the ionization chambers would not 
be of the same intensity, and that with eriual dtstauce of both ioniza- 
tion chambers from the source of radiation the intensity of the X-rays 
striking one of the chambers would be less on account of passing 
through a thickened portion of the glass wall of the X-ray tube than 
the X-rays striking the otlier chamber. This was avoided by placing 
the tube vertically. The glass wall of an X-ray tube, has an irregular 
thickness in a plane passing through the electrode, while it is usually 
of even thickness in a plane vertical to the other, A microscopic 
measurement of the thickness of the glass walls of the X-ray tul>e in 
these two planes as a control confirmed this supposition. The two 
areas of the glass bulb of the X-ray tube in alignment with the ioniza- 
tion chambers had an even thickness of Vino mm. 

Finally we were careful that the X-rays, if filtered, always passed 
vertically through the filter which was i>laced close to the roentgen 
tube. 

Process of the Gauging. 

In order to demonstrate the process of gauging the scale of the 
iontoc}uantimeter with the air chamber in electrostatic units we give 
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in the following a description of and a gauging test from the observa- 
tion journal: 

After all controls for the correct alignment of the X-ray tube and 
ionization chambers had been made with tlie iluorescent screen, as 
described above, the two electrometer systems were charged for sev- 
eral hours to saturate the dielectric. The iontoquantimeter to be 
gauged was then discharged to tlie middle of the 15 division scale in 
as short a time as possible to test the insulation and dielectric error. 
The behavior of the needle of tlie electrometer was observed during 
one and a half hours. This time was required for gauging, as earlier 
tests have shown. The position of the electrometer needle was ob- 
served for every five minutes and finally for longer time intervals. 
The results and the readings are compiled in the following table 
and Fin;. 28. 



tr 



W l.V 20' 



25' 



30' 



40' 



00' 



Time 
Position of noeiHf of 

electromet«r _ 7.3 7 0.8 C.4 i\ 2 15 iKOo 6,8 5,75 6.8 



m 
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MinuUs 
Fig. 28, — ^InsulatiOTi-reiip. dielectric error of the iontoquantimeter to be regulated. 

The values of the table have been plotted in Fig. 28- They are 
designated with 0. We see quite a similar course as in Fig. 20 which 
represents the compilation of the errors of insulation and the dielec- 
tric of the iontoiiuantimeter. 

Next the determination of the error of the insulation and the 
dielectric of the electrometer system of the testing apparatus was 
made. 

During this test the movement of the electrometer leaf to 5 divi- 
sions of the scale was observed. Therefore the error was determined 
in the manner that after a saturation of the dielectric the electrometer 
system was rapidly discharged by 2.5 divisions of the scale and the 
position of the electrometer leaf was observed during the duration 
of 10 minutes. PreA'ious tests had shown that the time in which the 
gauging system was discharged for 5 divisions of the scale was 
always attained within 10 minutes. The execution of the measure- 
ment revealed that the error of insulation and dielectric amounted 
to OJ division of the scale within 10 minutes. 
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After the determination of the error the standard instninient 
and the iontoqiiantimeter to be gauged were again kept in a eliarged 
state for some time. Tlien the X-ray tube was phieed in operation 
and set at the desired hardness corresponding to a parallel spark 
gap of 30 cm. — we are describing a gauging with X-rays filtered 
with 3 mm. aluminum— by regulating the hot cathode current and 
the primary current. The operation was continued for some time 
until control tests showed that the tube had become constant. 

The air chamber and the chamber of the iontoquantimeter were 
exposed at the same time to the action of the X-rays. Tlie electrom- 
eter of the standard apparatus was observed until the electrometer 
leaf had passed through five divisions of the scale. The moment this 
occurred, the ionization chamber of the iontoquantimeter was lowered 
into the protecting bowl h. Fig, 26. The time used for this was noted. 
The position of the needle on the iontoquantimeter was observed on 
the scale and also recorded. After this the electrometer system of 
the standard apparatus was again charged, mostly one division be- 
yond the five divisions serving for the measuring: As soon as the 
leaf of the electrometer touched of the scale the ionization chamber 
of the iontoquantimeter was again placed in the raybeara and thereby 
exposed to the action of the X-ray until five divisions of the scale 
were again discharged. The entire scale of the iontoquantimeter was 
gauged in this manner. Tlie same potential had been applied to the 
accessary field of the air chamber at the beginning of the measuring 
series as the electrometer system held at the beginning of the meas- 
uring. As the potential of tlie electrometer system decreases during 
the measuring, the potential of the accessary field was gradually 
adjusted corresponding to the potential of the electrometer system to 
avoid errors by regulating tlie resistance in the potential diviser. 

The values of each measurement of the gauging are recorded in 
the following table. In the first column are the values of the dis- 
charge of the gauging system for each five divisions of the scale, in 
the second colunni the time values consumed, and in the third column 
the position of the needle of the electrometer of the iontoquantimeter 
in values of its scale* 
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We see from this table tliat the single divisions of the scales of 
the ioiitoquantimeters obtained in the trade are not equivalent* The 
incorrectness is especially marked in the first part of the scale. 

Following this nieasuriniu: series both electrometer systems were 
again charged to the zero value of the scales. The insulation and 
dielectric errors were again deterniined in an analogous manner as 
described in the preceding paragraphs. The following values were 
obtained for the iontoquantimeter: 

0' 5' 10' 15' 20' 25' 30' 40' 50' 73' 00' 



Time in initmt«fl 

Fuettion of ham] of 
elect roriiet^r 7.3 



0,85 0.5 (J.3 0.0 5.96 5.9 5.75 5.0 5,5 5.6 



The values are designated with + in Fig. 28, and conform quite 
well to llie first values. 

A vnhie of (19 for one division of the scale was found this time for 
the insulation and .dielectric error of the ganging apparatus, 

We can calculate the anioinit of electricity in the ionization chain- 
lier in electrostatic units, as we know^ the capacity of the electrometer 
system. The potential of the gauging system expressed in volts is 
220 with the zero position of the scale, 206.4 with the position of the 
needle at the scale division at 5. We therefore obtain for the dis- 
charge in electrostatk* units. 

C (V-Vi) __ (220-206,4) 



1700 , 



= 7.72e 




300 300 

The mean duration of discharge for five divisions of the scale of 
the gauging system amounted to 6.24", The error of insulation and 
dielectric for this discharge time represents a value of 0.5 division 
of the scale. 

Applying the correction the 7.72 e value is changed to 6.94 e. 

The volume of the measuring chamber is 4.38 ccm. Therefore 
the quantity of electricity per ccni, air of the ionization chamber with 
the discharge of five divisions of the scale is 6.94 : 4.3S = 1,58 e. Ten 
discharges of the five scale divisions and one discbarge of 0.7 scale 
division were required within a time of 70 minutes for the entire 15 
divisions of the scale of the iontoquantimeter. 

The entire 15 divisions of the scale of the iontoquantimeter tliere- 
fore correspond to a dose of 15.86 e. The error of insulation and 
dielectric of the iontor|uantimeter during this time was 1.5 divisions 
of tlie scale. The error was of such a magnitude that the electro- 
meter system required an additional quantity of electricity corre- 
sponding to 1,5 divisions of the scale caused by the leaking out of the 
charge through the dielectric after a discharge of one-balf of the 
scale. The error influences the result in the sense that the quantity 
of electricity determined by the gauging apparatus during the dis- 
charge of the iontoquantimeter appears to be 10 per cent too high. 
The final result therefore is 14.2 and not 15,86 e, 

Jwo additional measurements with the same quality of rays re- 
sulted in a final value of 15.2.e, respectively 14.2 e for the entire scale 
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of the dosimeter. The values therefore are sufficiently equivalent for 
our purpoi^es. 

AVe also performed a gauging of the iontotiuaiitimeter with harder 
and softer rays, that is, with X-rays filtered with 1 nun. copper and 
uufiltered. X-rays. The results of these measurements gave values 
for the dose of the entire scale of tlie iontoqnantimeter lof 14»6 and 
15.3 which again were closely equivalent to tlie values ohtained from 
X-rays filtered ^\ith 3 mm. aluminiun. The uniformity of the results 
of measurements from different qualities of rays may be regarded as 
a further proof that the graphite chamber of the iontoquantimeter 
enal>les one to olitain a comparative dosation for biologic purposes 
free from any objections* 

By means of the recorded readings of the single discharges of the 
gauging apparatus on the scale of the iontoquantimeter it becomes 
an easy matter tu transcribe the scale in electrostatic units per ccuu 
of air. 

The dependence of the dosimeter has been tested by determining 
from time to time with our source of constant gaimna radiation the 
time duration of a discharge of the electrometer system^ It is self- 
evident that we observed during each measurement that the ioniza- 
tion cliamber was always placed in the same position to the source 
of radiation. A stand specially constructed for the purpose facili- 
tated this with minutest exactness. 

In the following table the results of these tests have been entered. 
In the first colunni are the dates of the days of the test within one 
year, while in the second and third columns are entered the times 
observed for two of onr dosimeters. We conclude from the results 
that the times of discharges do not appreciably vary in spite of the 
relatively long time interval between the various measurements. 

Day of testing Ioi3ti>«jiiaiitinieter 1 lonlnfjuiintiwiPter 2 

12. March . . . 38' 4*1' 

28. Marcli 3(J' 4K' 

24. April 38' 45' 

30. June .......... 36' 4& 

The sensitiveness of the instrument also has been tested with the 
result that it is quite sufficient for biologic purposes for the sensitive- 
ness of tlie biologic object to the action of gamma*rays is rather 
slight, as will be seen from the investigations recorded in the second 
part of the book. Most of the biologic objects react with a visible 
difference to the intensity of the biologic action only after a differ- 
ence of about 20 per cent in the dosages has been attained. 

Investigations Concerning the Sensitweness and Dependence of the 

Ktenhock Strips, 

The sensitiveness and dependability of our modified iontoqnan- 
timeter ha<l been tested by using radium and mesothorium as a con- 
stant source of radiation. We saw that the instrument answers to 
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all demands that we miglit require from a dosimeter in a far-reaching 
inainier. We, therefore^ used the iontni|uantinieter to eompare other 
dosimeters with it and to test their sensiti%"eness and dependence. 
As the Kienbciek strips and the Sahouraud-Noire tablets show read- 
able reactions only after a very long exposure to gamma-rays of 
even large intensities, we made use of the X-rays of various harrl- 
nesses to test these two dosimeters. 

We performed the eomparison of dosimeters so that we exposed 
the ionization ehamber, the Kienhock strips and the Sabonrauti- 
Noire tal)lets to the X-rays at the same distance from the source of 
radiiitinn and during the same time.*" 

\\v uscfl the same hardnesses of rays as in the experimcmts made 
previously. We chose as the dose 5 e in one series, and 30 e in a 
second one for the Kienbciek strips. To attain a satisfactory dis- 
coloration of the Sabouraud-Noire pastilles we chose a dose of 75 e 
for the various qualities of rays. 

We took special care in the development of the Kienbock strips to 
employ the most careful chemical treatment. Tlie strips were fast- 
ened to a glass plate by rubber bands. By means of a plate-holder 
they were all immersed at the same time in the developer of tlie 
prescribed temperature and finally fixed witliin the same time. All 
sources of errors which might arise from the chemical treatment 
were avoided. 

The Sabonraud-Noire pastilles were estimated with a Holzkneeht 
dosimeter with an ordinary electric carbon globe as well as with a 
special lamp. 

The <lata for the Sabouraud-Noire tablets are entered in the fol- 
lowing table, wliile those for tlie Kienbock strips may be seen in 
Plate I, Fig, 1, at the end of the book. 

TABLE 

Viilup in FT tlr-tt^rminod by 
Qujjility of ray-H Dose Holzkneeht -Doshneter 

t'nfilteml X-rfiys 75 e 1.5^1.75 

X-rtiys filtered with 3 mm. aluiniiium ............ 75 e 1 . 5 — 1 75 

X-mys filtered with 10 uiiti. iiluiiiiimm, ..,,.,,. . 75e 1.5-^1,75 

X-niy^ filtertHl with 1 iuhj. cii 75 e 1.5- — 1 , 75 

CiiimiHa-rayti 75 e Discoloratimi nut of j^yfTicicnt In- 

triKsity for determination 

As may be seen from the tables, the investigations show that the 
blaekening of the Kienboek strips and the ehange in color of the 
Sabouraud-Noire tablets do not evinee any differences within these 
considerable variations of hardness. The gamma-rays make an ex- 
ception, as the strips are very little blackened with their use. A dose 
measured with the iontoijuantimeter tallied with a definite reaction 

* According: to th*^ directions! accoinpanving the Tlolzkneclit dosimeter^ the Sal>ouraud* 
Noir^ Ublct8 ahriuld liave been placed at the half focal tlistanee from the source of radia- 
tion. We deemed it better for the purpoi^e of eornparison to place the three doftimetera at 
the sume dintance, thu8 to guard against sources of errors from secondary raya of the lube- 
holder, inters, and so forth. 
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of the Kieiiboek strip and change of color of the Rahoiirauil-Xoire 
tablets, it did not matter whether we used soft or hard rays. 

One might draw the eonelusion that the doubts which we already 
expressed about the reagents used in the Kienbock strips and the 
Saljourand'Xoire tablets would beeome obsolete, but we shall see 
immediately that this uniformity of reaction is only an apparent one, 
due to the marked insensibility of the two dosimeters. To test the 
sensitiveness of the dosimeters we exposed a number of Kienbock 
strips and Sabouraud-Xoire tablets to X-rays of a known Iiardness 
and applied differently strong doses measured with the iontoquan- 
timeter in (Ufferences of about 50 per cent. The results of these tests 
are enterecl in the following table for the Sabouraud-Xoire tablets 
and in Fig. 2, Plate L for the Kienbock strips. 

Tkme 75 e 115 e 150 e 

Value in H HokknPK^ht- Dosimeter .,... . 15 — 1.75 1,5 — l.S 2 — ^2 5 

We see from the table and Fig. 2, Plate I, that the sensitiveness 
of both dosimeters is indeed a very slight one. With a difference of 
50 per cent in the dose we may determine a difference in the blacken- 
ing of the Kienbock strips and wdth about the same difference in the 
Sabourand-Xoire tablets. Frequently repeated measurements gave 
the same results. 

The reliability of these dosimeters is not pronounced. The sensi- 
bility of one photographic sheet shows differences at various regions 
of more tlian 50 per cent. We also have frequently ol*served that a 
given number of KienVjock strips, which had received the same dose 
and had been developed alike and carefully, showed marked differ- 
ences of blackening w^hich according to the sensibility determination 
would amount to more than 50 per cent of the dose. 

Inv^esiigations of the Sensitiveness and Dependence of the 
Fiirstenau Intensimeter. 

The change of resistance of the selenium cell of the Fiirstenau 
intensimeter by the action of roentgen- rays, and the degree of the 
change of resistance serve as measure of the intensity. 

We define<l intensity as the radiation energy striking 1 scj. cm. of 
surface within a second. As the degree of the change of resistance of 
selenium is evidently dependent on the amount of the absorlied radi- 
ation energy one does not measure the intensity by the change of 
resistance of selenium but the intensity di\nded by the half absorp- 
tion value layer. The use of the Fiirstenau intensimeter with the 
same kind of radiation is not objectionable when measuring the rela- 
tive intensity. However, in practical use a disturbing factor may 
be oljserved, namely, tlie selenium cc41 tires during frequent or long 
exposures. 

The selenium cell after a certain time recuperates to its original 
sensitiveness. So if the selenium cell has recuperated from the pre- 
vious radiation tlie instrument again gives correct values of short- 
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time measurements. For short measurements, for instance in diag- 
nosis, the intensimeter is very usefuL 

This tendeney to tire is fraught with difficulties if we use the in- 
tensimeter as dosimeter. If we intend to use the intensimeter as 
dosimeter then we proceed according to tlie definition of dose in 
such a manner that one determines the deflection of the instrmnent 
within definite time intervals. From these values the time is cal- 
culated that is necessary to obtain a definite dose. The factor of ex- 
haustion must be especially disturbinc: in these calculations as th«^ 
time intervals are not to be too great on account of the inconstancy of 
tlio tube. All in all the error of measuring may be slight when a 
Coolidge or Lilienfeld tube is used. They are characterized by a 
relatively high constancy. Therefore the measurements may be 
taken within sufficiently large time intervals. Employing one and 
the same quality of rays and one and the same filter, tlie instrument 
is usable witli such radiations. However, as soon as we intend to 
compare doses of varying qualities of rays with each other, the in- 
strument must disappoint on account of the inconstancy of the ab- 
sorption in selenium in comparison to that in the biologic body. To 
prove this also mathematically we undertook comparative tests with 
the intensimeter and the iontoquantimeter by exposing both^ the ioni- 
zation chamber and the selenium celU to the rays at the same distance 
from the point source of radiation. Using the gamma-rays we 
arranged by a marked sliding device that the selenium cell of the 
intensimeter always came to lie in the same place as the ionization 
chamber of the iontoquantimeter. The results have been compiled in 
the following table. 
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The table shows, as was to be expectecl from tlia comparative 
measurements of selenium and water, that without any further con- 
siileratiou the intensiuieters of Fiirstenau, cannot be used as a 
dosimeter if a comparative dosation of various hard rays is intended. 

AVe do miss the systematic dependability of the measured values 
from the hardness as they were obtained from the measurements of 
absurption in soleniunu We cannot at present decide to what this 
may lie tractnl as we were not familiar with the interior construction 
of the <»hamber in the construction of which also other metals besides 
selenium miglit have been used. 

The sensibility of the intensimeter for measuriug radiations is 
amply stiflicient for biologic purposes for which the instrument is 
intended. It is by all means considerably larger than that of the 
Kienbm^k strips or the Sabouraud-Noire tablets. 
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The dependability of the instrument has been tested in quite a 
similar manner as for the iontoquantioieter by means of our constant 
ganuiia radiation source, and it was found that the values compared 
quite well with each other. The measurements were performed 
within time intervals of several months. The differences in the 
measured values do not surpass 5 per cent of the mean average, 

The Importance of the Secondary Radiation for the Dote 

The dosimeter described by us makes it possible, on account of 
the construction of the ionization chamber, to determine tlie dose 
not only on the surface of the body I)ut also in the depth, that is, in 
the interior of body ea\^ties, if they possess a sufficiently large com- 
munication with the outer world. We will observe in tiie biologic 
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part of this book the great advantages these measurements possess 
when taken at the regions of the body where we intend to apply a 
definite dose. In many instances it is unfortunately impossible to 
insert the dosimeter chamber at the place in the interior of the body 
where the dose must be determined. 

In order to obtain an idea of the value of the actual dose applied 
in the depth, it has been attempted to determine the depth dose by 
calculations from the surface dose, the half absorption value layer 
and the law of squares. The dose on the surface of the body was 
measured with any one of the customary dosimeters. Tlie half ab- 
sorption value layer of the radiation was determined with Christen 's 
lialf absorption value layer measure. The decrease of the intensity 
of the radiation with distance was calculated according to the law of 
squares. 

In certain instances by the use of our dosimeter ami ionization 
chamber we were in a position to compare the depth dost* determined 
by calculations with those obtained from direct measurements. We 
found that quite marked ditTerences existed between the calculated 
and the measured dose. Naturally the question arose how this dif- 
ference between calculated and measured dose could be explained. 
We bad observed the great importance of secondary radiations in 
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time measurements. For short measurements, for instance in diag- 
nosis, the intensimeter is very usefuL 

This tendency to tire is fraught with difficulties if we use the in- 
tensimeter as dosimeter. It' wc intend to use the intensimeter as 
dosimeter then we proceed according to the defmition of dose in 
sucli a manner that one determines the deHection of the instrument 
within definite time intervals. From these values the time is cal- 
culated that is necessary to obtain a definite dose. The factor of ex 
haustion nuist be especially disturhini^ in these calculations as the 
time intervals are not to be too great on account of the inconstancy of 
the tube. All in all the error of measuring may be slight when a 
Coolidge or Lilienfcld tube is used. They are characterized by a 
relatively Idgh constancy. Therefore the measurements may be 
taken within sufficiently large time intervals. Employing one and 
the same ([uality of rays and one and tlie same filter, the instrument 
is usable with such radiations. However, as soon as we intend to 
compare doses of varying qualities of rays with each other, the in- 
strument must disappoint on account of the inconstancy of the ab- 
sorption in selenium in comjiarison to that in the biologic body. To 
prove this also mathematically we undertook comparative tests with 
the intensimeter and the iontoquantimeter by exposing both, the ioni- 
zation chamber and the selenium cell, to the rays at the same distance 
from the poijit source of radiation. Using the gamma-rays we 
arranged by a marked sliding device that the selenium cell of the 
intensimeter always came to lie in tlie same place as the ionization 
chamber of the iontoquantimeter. The results have been compiled in 
tlie following tal>k\ 

5 uniU nf scale Dfflectinn of Batio of 

Hardness of rays of electrometer iiiteni!ft meter intensities 

iti swonils ill F 

Unfllt«red X-rays »jr 7.8 121 

X-ray« rtltereil with 3 tiiiii. uluniiiiiim 0.0" lrt.5 (I !I4 

X-ravft lUt**re<I with \n mm. alumitium 8Jt" IK3 91 

X-ravs fillererl with I iniii, cu. ........ m.8" 8 . l*> I 

Gamma-rays 102 . 25 . 18 

The table shows, as was to be expected from tliL^ comparative 
measurements of selenium and water, that without any further con- 
sideration the intensinieters of Fiirstenan, cannot be used as a 
dosimeter if a comparative dosation of various liard rays is intended. 

We do miss the systematic dependability of the measured values 
from the hardness as they were obtained from the measurements of 
absorption in selenium. We cannot at present decide to what this 
may be traced as we were not familiar w^ith the interior construction 
of the chamber in the construction of w^hich also other metals besides 
selenium might have been used* 

The sensibility of the intensimeter for measuring: radiations is 
amply sufficient for biologic purposes for which the instrument is 
intended. It is by all means considerably larger than that of the 
Kienl)6ck strips or the Sahouraud-Noire tablets. 
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The dependability of the instrument has been tested in quite a 
similar maimer as for the iontoquantimeter by means of our constant 
gannna radiation source, and it was found that the values compared 
quite well with each other. The measurements were performed 
within time intervals of several months. The differences in the 
measured values do not surpass 5 per cent of the mean average* 

The Importance of the Secondary Radiation for the Dose 

The dosimeter described by us makes it possible, on account of 
the construetion of the ionization chamber, to determine the dose 
not only on the surface of the body but also in the depth, that is, in 
the interior of body cavities, if they possess a sufficiently large com- 
munication with the outer world. We will observe in the Ijiologic 
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part of this book the great advantages tliese measurements possess 
when taken at the regions of the body where we intend to apply a 
definite dose. In many instances it is unfortunately impossibh? to 
insert the dosimeter chamber at the place in the interior of the body 
where the dose must be determined. 

In order to obtain an idea of the value of the actual dose applied 
in tlie depth, it has been attempted to detenuine the depth dose by 
calculations from the surface dose, the half absorption value layer 
and the law of squares. The dose on the surface of the body was 
measured with any one of the customary dosimeters. The half ab- 
sorption value layer of the radiation was determined with Christen 's 
half absorption value layer measure. The decrease of the intensity 
of the radiation with distance was calculated according to the law of 
squares. 

In certain instances by the use of our dosimeter and ionization 
chanilier we were in a position to compare the depth dose determined 
by eah'ulations with those obtained from direct measurements* Wo 
found that fpiite marked differences existed between the calculated 
and the measured dose. Naturally the question arose how this dif- 
ference between calculated and measured dose could be explained. 
We had observed the great importance of secondary radiations in 
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time measurements. For short measurements, for instance in diag- 
nosis, the intonsiimcter is very useful. 

This tendency to tire is frauglit with difficulties if we use the in- 
teusiaieter as dosimeter. If we intend to use the intensimeter as 
dosimeter then we proceed according to the definition of dose in 
such a manner that one determines the deflection of the instrument 
within definite tune intervals. From these values the time is cal- 
culated that is necessary to obtain a definite dose. Tlie factor of ex 
haustion must be especially disturbiui^ in these cakndations as the 
time intervals are not to be too great un account of the inconstancy of 
the tube. All in all the error of measuring may be slight wiien a 
Coolidge or Lilienfcld tube is used. They are characterized by a 
relatively liigh constancy. Therefore the measurements may be 
taken within sufficiently large time intervals. Employing one and 
the same quality of rays and (vne aiitl the same filter, the instmment 
is usable with such radiations. However, as soon as we intend to 
compare doses of varying €|ualities of rays witli each other, the in- 
strument nmst disappoint on account of the inconstancy of the ab- 
sorption in selenium in comparison to that in the biologic body. To 
prove this also mathematically we undertook comparative tests with 
the intensimeter and the ioiitonuantimeter by exposing both, the ioni- 
zation chamlier and the selenium cell, to the rays at the same distance 
from the point source of radiation. Using the gamma-rays we 
arranged by a marked sliding device that the selenium cell of the 
intensimeter always came to lie iu tin* same place as the ionization 
chamber of the iontoquantimeter. The results have been compiled in 
the following table. 

6 units of scale DeMei'tinn of Ratio of 

HardneBs of rays of electrnrnfter iiiteiisjtneler intetuitiei 

ill seconds in F 

Unflltered X-mys 9.0'' 7.8 121 

X-rflvs tUlen^'il with 3 mm. aluminum.. 0.0" ' in 5 f>4 

X-ray« filterefl with in mm. aluiiijuum, ...... . 8.6" U 3 O.Ol 

X-rays filtered with 1 mm. cu. ,...,.. 10.8" 9 15 I 

OanimH-ru) s , , . , 102 . 23 U . 18 

The table shows, as was to be expected from thit cojHparative 
measurements of selenium and water, that without any further con- 
sideration tlie intensimeters of Fiirstenau, cannot l>e used as a 
dosimeter if a comparative dosation of various hard rays is intended. 

We do miss the systematic dependability of the measured values 
from the hardness as they were obtained from the measurements of 
absorption in seleiiinuL Wc cannot at present decide to wliat this 
may be traced as we were not familiar with the interior construction 
of the chamber in the construction of which also other metals besides 
selenimn might have been used. 

The sensibility of the intensimeter for measuring radiations is 
amply snfficient for biologic purposes for which the instrument is 
intended. It is by all means considerably larger than that of the 
Kienhock strips or the Sabouraud-Noire tablets. 
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The dependability of the instrument has been tested in quite a 
similar manner as for the iontoquantimeter by means of our constant 
gamma radiation source, and it was found that the values compared 
quite well with each other. The measurements were performed 
T^ithin time intervals of several months. The differences in the 
measured values do not surpass 5 per cent of the mean average. 

The Importance of the Secondary Radiation for the Do&e 

The dosimeter described by us makes it possible^ on account of 

the construction of tlie ionization chamber^ to determine the dose 
not only on the surface of tho body ])nt also in tlie depth, that is, in 
the interior of body cavities, if they possess a sufficiently large com- 
munication with the outer world. We will observe in the biologic 
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part of this book the great advantages these measurements possess 
when taken at the regions of the body where we intend to apply a 
definite dose. In many instances it is unfortmiately impossible to 
insert the dosimeter chamber at the place in the interior of the body 
where the dose must be determined. 

In order to obtain an idea of the value of the actual dose applied 
in the depth, it has been attempted to deti^rmine the depth dose by 
calculations from tlie surface dose, the half absorption value layer 
and tlie law of squares. The dose on the surface of the body was 
measured with any one of the customary dosimeters. The half ab- 
sorption value layer of the radiation was determined with Christen 's 
half absorption value layer measure. The decrease of the intensity 
of the radiation with distance was calculated according to the law of 
squares. 

In certain instances by the use of our dosimeter and ionization 
chamber we were in a position to compare the depth dose determined 
by calculations with those obtained from direct measurements. We 
found that quite nuirked differences existed between the calculated 
and the measured dose. Naturally the question arose how this dif- 
ference between calculated and measured dose could be explained. 
We had observed the great importance of secondary radiations in 
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time measurements. For short measurements, for instance in diag- 
nosis, the intensiiiieter is very useful. 

This tendency to tire is fraught with iliflieiilties if we use the in- 
tensimeter as dosimeter* If we intend to use the intensimeter as 
dosimeter then we proceed according to the definition of dose in 
sucli a manner that one determines the deflection of the instrument 
within definite time intervals. From these vahies the time is cal- 
culated that is necessar>- to obtain a definite dose. The factor of ex- 
haustion must be especially disturbing in tliese calculations as the 
time intervals are not to be too great on account of the inconstaney of 
the tube. All in all the error of measuring may be sliglit when a 
Coolidge or Lilienfeld tube is used. They are characterized by a 
relatively high eonstancy. Therefore the measurements may be 
taken within sufliciently large time intervals. Employing one and 
the same quality of rays and one and the same filter, the instrument 
is usable with such ra<Hations, However, as soon as we intend to 
compare doses of varying qnalities of rays with each other, the in- 
stnmient must disappoint on account of the inconstancy of the ab- 
sorption in selenium in comparison to that in the biologic body. To 
prove this also mathenuitirally we uiitlertook comparative tests with 
the intensimeter and the ioutoipuuitinieter by exposing both, the ioni- 
zation chamber and the selenium cell, to the rays at the same distance 
from the point source of radiation. Using the ganmia-rays we 
arranged by a marked sliding device that the selenium cell of the 
intensimeter always came to lie in the same place as the ionization 
chamber of the iontoqimntimeter. The results liave been compiled in 
the following table. 

5 unit^ of sc»le Deflection of Ratio of 

Hardness of rays of electromHi^r iutenBini^ter inteiisities 

in seconds in F 

Unaltered X-rays 9 0" T.g 121 

X-rays filtered with 3 mm. uluiiuimm. !),ir' 10.5 n.94 

X^rays ftllered with !*> oim. tiltiiniTium . 8.0" 1L3 91 

X-rays fiUere^i with I mm. cu. HLft" 8.15 1 

Gamma rays .,. ,. , ... 102 0.25 18 

The table shows, as was to be expected from tlio comparative 
measurements of selenium and water, that without any further con- 
sicleration the intensimeters of Fiirstenau, cannot be used as a 
dosimeter if a comparative dosation of various hard rays is intended. 

We do miss the systematic dependability of the measured values 
from the hardness as they were obtained from the measurements of 
absorption in selt^nium. We cannot at present decide to what this 
may be tracetl as we were not familiar with the interior constraetion 
of the chamber in the construction of which also other metals besides 
selenium might have been used. 

The sensibility of the intensimeter for measurine: radiations is 
amply sufficient for biologic purposes for which the instrmnent is 
intended. It is by all means considerably larger than that of the 
Kienbock strips or the Sabooraud-Xoire tablets. 
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The depeodability of the mstniment has been tested m quite a 
similar manner as for the iontcxiuantimeter by means of our constant 
gamma radiation source, and it was found that the values compared 
quite well with each other. The measurements were performed 
within time intervals of several months. The diflferences in the 
measured values do not surpass 5 per cent of the mean average* 

The Importance of the Secondary Radiation for the Dose 

The dosimeter described by us makes it possible^ on account of 
the construction of the ionization chamber, to determine the dose 
not only on the surface of tlie body but also in the depth, that is, in 
the interior of body cavities, if they possess a sufficiently large com- 
munication with the outrr worhl. We will observe in the ljii>luo:ic 
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part of this hook the great advantages these measurements possess 
when taken at tlie regions of the body where we intend to apply a 
definite dose. In many instances it is unfortunately impossible to 
insert the dosimeter chamber at the place in the interior of the body 
where the dose must be determined. 

In order to obtain an idea of the value of the actual dose applied 
in the depth, it has been attempted to determine the depth dose by 
calculations from the surface dose, the half absorption value layer 
and the law of squares. The dose on the surface of the body was 
measured with any one of the customary dosimeters. The half ab* 
sorption value layer of the radiation was determined with Christen "s 
half absorption value layer measure. The decrease of the intensity 
of the radiation with distance was calculated according to the law of 
squares. 

In certain instances by the use of our dosimeter and ionization 
chamber we were in a position to compare the depth dose determined 
by calculations with those obtained from direct measurements. We 
found that cjuite marked differences existed between the calculated 
and the measured dose. Naturally the fiuestion arose how this dif- 
ference between calculated and measured dose could be explained. 
We had observed the great importance of secondary radiations in 
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the measurements for detcruiiiiing absorbability and it was clear 
that this difference could only be caused by secondary radiations. 
We could not make use of the liuman body to investigate the influence 
of the secondary radiation on the dose and its proportion in compari- 
son to the primary radiation. AVe therefore constructed a water 
phantom for these investigations, as we had proven the equality of 
absorbability of water with that of linnian tissue. 

The pharUom (see Fig, 2!)) eunsisted of a cylindrical vessel G 
made of sheet iron of a diameter of o5 cm. and a Iietght of 25 cm. 




It w^as usually fiHed with water to a height (11) of 2f) cm. The ioniza- 
tion ciiamber K was ijiserted laterally to tlie middle of the vessel. 
To be able to place the measuring chamber in the water at various 
lieiglits or depths, mthout changing the level of the surface of the 
water, the following arrangement was made: 

A tin pierce A was joined to the lateral wall of tlie vessel, which 
was closed with metal slides S. To the center of the metal slides a 
brass pipe R was soldered. A glass pipe Cil was insert eil into the brass 
tube and rendered watertight by rubber rhigs. The cal)!e leading to 
the measuring chamber K was inserted through the glass tube. The 
measuring chamber K protruded beyond the glass tubing into the 
interior of the vesseh The space between glass tube and chamber 
was rendered watertight Ijy filling the space with wax. The chamber 
also was protected with a thiii layer of wax against the entrance of 
water into its interior. The dimensions of the slider permitted to 
change the position of the chamber from the surface to a depth of 
10 cm. The position of the chamber could be read from a scale at- 
tached to the sliden A catch-spring adjustment also was pro\4ded 
on the slider for rapid adjustment of tlie position of the chamber 
which caught from centimeter to centimeter. Fig, 30 shows the 
phantom in a photographic reproduction. 
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Comparison betueen the Depth Dose calculated from the Surface 
Dose and the Depth Dose measured in the Water Phantom. 

We performed the comparison witli X-rays filtered with 1 nmi. 
copper and selected a port of entry of 15 sq. cm. The antieathode of 
the roentgen tube, wliich was placed in a bowl lined with leaded rub- 
ber was phiced 50 vm, above the surface of the water. The desired 
size of the field was attained by an adjustable diaphragm at the base 
of the tube holder. The copper filter was placed close beneath the 
bowl. Two methods of measuring may be considered : The one con- 
sists in measuring a known dose on the surface and then determine 
the dose which is obtained in the depth within the same time. The 
method presupposes tliat the electrometer possesses a proportion- 
ality determinable from the scale. The other method is to take the 
time in wliich a known dose is attauied at the surface and theii de- 
termine the time within whic*h the same dose is obtained in the 
depth. In the second method it is not necessary to obtain a propor- 
tionality of the doseSj as at each reading the needle of the electro- 
meter travels over the same space of the scale. In this instance the 
surface dose and the depth dose are in an inverse ratio to the times 
of reading. We chose the second method, as the two leaf electro- 
meter of Wulf, used for these experiments, did not possess a pro- 
portionality for the deflection of the scale and we would have been 
compelled to undertake a new gauging of the scale prior to each test 
if we had used the first method. The measurements were carried out 
so that we determined alternately at tlie surface and in the depth sev- 
eral times successively the firae within which the leaf of the electro- 
meter connected to tlie measuring chamber passed through five divi- 
sions of the scale. We previously determined through a few readings 
that the roentgen tul)e was constant. We give the following values 
as an example of such a measurement. 



Method of measiirint,' 



Surface ..... 

10 cm. (leptlj 
Surface .... 

10 cm* deplb 
Surface ...... 

10 cm. tJepth 



5 units of scaJt? of electraraeter 

111 seconds 

54.2 

122. Q 

52,8 

124. Q 

52.4 

120.0 



We olitain in per cent of the surface dose a deptli dose of 43 per 
cent. 

The half absorption value layer of X-rays filtered witli 1 nmi» 
copper was 3,7 cm. determined with exact physical methods. T!ie 
distance of the focus to the surface was 50 cm., to depth (iO em. If 
we calculate the depth dose from the half absorption value layer and 
the law of dispersion, then we obtain a value of only 10 per cent of 
the dose measured on the surface. 

This example demonstrates the marked difference of the meas- 
ured dose and the influence of secondary rays on the dose. 
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All tables and graphs for the calculation of the dose from tlie 
half absorption value layer and from the distance of the object from 
the source of radiation, recorded in text books on deep roentgen 
therapy reciuire correction, as in tlieni the great influence of the sec- 
ondary radiation on the dose has not been taken into account 

To obtain an idea of the size of this error, which is inherent in 
such a calculated table or graph, we have determined the decrease of 
the dose in the depth from centimeter to centimeter with the same 
size of field as in the i)revious tests and compared the values found 
with the values obtained by calculation. 

The course of the experinient conformed closely to the preceding 
one. The distance of the focus of the Coolidge tube from the surface 
was 50 cm., the tilters used were 10 mm. aluminum and 1 mm, copper. 
The measurement was carried out so that the measuring chamber of 
the dosimeter was lowered in the water }>hantnm 1 cm. each time. A 
surface measurement was always taken Ijotwecn each depth meas- 
urement as a control. The results recorded in tlie following table 
have been gained from X-rays liltered with 10 mm. aluminum. In 
column one the methods of measurement are stated, in column two the 
time durations in seconds t>f the discharge of 5 units of the scale of 
the electrometer, in the third the ^measured values of the depth dose 
in per cent of the surface dose, while in the last colunm the values 
calculated from the half absorption value layer and the law of dis- 
persion in per cent of the surface dose have been entered. 



X-RAVS FIT.TEKED WITH 10 ^M ALUMINUM 



Mplhud of 
men curing 



5 units of 9cak> 
('le<:trom**tt'r 



of 



of 4ej»tli dose 

im% 

S9% 



Values of cJepth doae in 

% of flurf»ce dose 

ratculated from half 

value absorption Ikiyer 

and dispensjon 

100% 
81% 



€3% 



37%, 



22% 



13.8% 



8.4% 



^^^^^ Fig. 31» represents the mean values of a series of snch measure- ^^^^^^H 
^^^B ments in a graph. ^^^^| 
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^^^^^^^^^H Fig, 3L — Calculated and measured deptli doee of X-rays filtered ^^^H 
^^^^^^^^^B with 10 mm. Aluminum and fKirt of entry of 15 aq. cm, ^^^H 

^^^^^V The following table gives the measnrements which were obtained ^^H 
^^^V from X-rays filtered with 1 mm. copper. ^^H 

^^^V X-RATg >'iLT£RED WITH 1 M3f. OF COPFKK ^^H 

^^^^^ Values of depth dose in ^^^^| 
^^^^B 5 utiita of scale of % of surface dose ^^^^| 
^^^^H Method of electrometer Measured values calculated from half ^^^^^ 
^^^^H measurixig in seconda of depth dose value abBorption layer ^^^^| 
^^^^H diaperaioa ^^^^| 
^^^H cm. depth. 36 .0 100% 100% ^^H 


^^^^H « 




^«C A ^^^H 


^^^H ^ «< 




^^ ft SOM. AtXOL ^^^H 


^^^^H A » 


^^^H 


^^^H ft » 


^ ^ ^7 ^% ?f % ^^^1 


^^^H 


11 A ^^^H 


^^^H a 




^^ H% 17% ^^^1 


^^^H 


Q7 ^^^H 


^^^H 1A " 


70 K AAOL IfSOL ^^^H 


^^^H 


^1 ^^^H 


^^^P Fig. 32, also illnstrates the graph of these valnes. ^^H 
^^^H These investigations demonstrate the great differences between ^^^| 
^^^H measured and calculated values. ^^^| 
^^^H A depth dose cannot he calculated from the half absorption value ^^H 
^^^H layers and the law of distance. If the dose cannot he directly deter- ^^H 
^^^H mined in the depth hy inserting the measuring chamber of the ionto- ^^H 
^^^H quantimeter, then the only practical method for the determination of ^^H 
^^^H the dose in the desired depth consists in the use of the water phantom ^^^M 
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maintaining during the measurements the same conditions as are 
present in the theraveutic radiation.* 
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tm Depth 
Fte. 32. — Calculated and meaaured depth doe« of X-raf s filt«nd 
with 1 mm. oopp«r and port of entry 15 aq. cm. 

Determination of the Absolute Amount of Secondary Radiation with 

the Water Phantom. 

A dose measured in the water phantom is composed of two fac- 
tors, namely, the dose obtained from the rays directly emitted from 
the X-ray tube and the amount of secondary radiations arising from 
the snrrounding regions of the radiated water. 

To obtain an idea of the actnal size of the proportion of these two 
factors, of which the dose is composed, we have made the following 
investigations. 

We could not mvestigate all the many varied possibilities as it is 
self-evident that the proportional values depend on the choice of the 
depth, the size of the field, the hardness of rays and other factors. 
We selected a special instance which conformed to the details main- 
tained in the biologic observations* We chose a port of entry of 
i5 sq. cm. and a depth of 8 cm. 

The anticathode of the roentgen tube, in this instance a Lilienfeld 
tube, was kept at a distance of 50 cno. from the surface of the water 
in the phantom, (See Fig. 33.) A radiation beam was obtained by 
means of an adjustable diaphragm at the bottom of the bowl, which 
measured 15 sq. cm, on the surface of the water. The filter was 
placed directly beneath the tube carrier. Aluminum filters of 3 and 
10 mm. and a copper filter of 1 mm, were used, 

• Note at time of correction of the mantiBeript: Even in more recent writings A9 
ScfUffert: "Radiation Deep Therapy, Eiperimental and Critical Invefitigaiioni Concerning 
their Use in Gynecology,** and KUpferle and Lilienfeld: 'Trinclples of the Application of 
the X-rays,'* the view la defended that a depth doa^ may be solely c»ilctila,ted from the 
ball absorption value layer and the dispArsion of the raya with distance. 
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The jneasnring eliamber K of the dosimeter iras placed 8 cm. be- 
neath the surface of the water exactly in the ceni^ of the field. 

The course of the experiment was as follows: The time was 
ascertained in which the leaf of the electrometer passed five divisions 
of the scale when the entire radiation beam entered the water phan- 
tom through the field of 15 ^^m. square* 

To exclude the secondary rays, which entered the measuring 
chamber through the radiated water from all sides with this size of 
field, a heavy lead diaphragm B was placed on the surface of the 
water which covered the entire field with the exception of the small 
field in the center of the size of 1 sq- cm. The radiation beam 
could only strike the measuring chamber. The time was read in 
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Fio. 33. 

which the electrometer leaf passed through five divisions of the 
scale* The ionization current, now measured, was almost entirely 
due to the X-rays striking the chamber directly. The secondary rays 
originating above and beneath the narrow water column and entering 
the chamber are of such a small intensity in comparison to the sec- 
ondary rays entering the chamber from all sides with an open field, 
that they may be neglected. 

To exclude the rays which strike the measuring chamber directly 
and to permit the secondary rays only to enter the ionization cham- 
ber a lead diaphragm Ba of the size of 1 sq. cul was placed so that the 
small square field in the center was cut out from the total radiation. 
The time was determined within which the leaf of the electrometer 
passed through five divisions of the scale. 

A series of such measurements have been entered in the following 
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^^^^^^^^^H table. The various measurements have been recorded in their time ^^H 


^^^^^^^^^H sequence. As the tube remained constant in all the tests, respec- ^^| 


^^^^^^^^H tively, the slight 


deviations in constancy could be taken into aceoxmt ^^M 


^^^^^^^^^H by control measurements, the three values to be measured are ^^| 


^^^^^^^^H inversely proportional to the time values. 


^M 


^^^^^^^^H XIUYS FILTERED WITH 3 MSL ALmilKVM ^^| 


^^^^^^^^H 


5 uniU of scale of 


Primary radiation 


Secondary radiation ^^^H 


^^^^^^^^^^H 


electrometer 


in % of total 


in % of total ^^^| 


^^^^^^^^^^^H 


in Becondt 


radiation 


radiation ^^^H 


^^^^^^^^^^H 


12.0 




^^H 


^^^^^^^^^^^^^1 Primary radiation 


43.2 




^^H 


^^^^^^^^^^^H 


n.a 




j^^^l 


^^^^^^^^^^^^^B Secondary radiation 


le.o 




^^^1 


^^^^^^^^^^^^^1 


12,0 




^^^^ 


^^^^^^^^^^^^^H 


42.2 


».8% 


^^1 


^^^^^^^^^^^^^1 


12.2 


with eorreetloa for 


with correction for ^^^H 


^^^^^^^^^^^^^1 


17.2 


accidental radiation 


accidental radiatioii ^^^H 


^^^^^^^^^^^^^1 


12.0 


and 60 forth 


and so forth ^^^H 


^^^^^^^^^^^^^1 


42 8 


25% 


^^1 


^^^^^^^^^^^H Total radiation 


12.0 




^^^H 


^^^^^^^^^^^^^1 Secondary radiatioii « . 


16.8 




^^H 


^^^^^^^^^^^H Total radiation 


13.4 




^^1 


^^^^^^^^H X IUY6 FILTERED WITH 10 ^Bf. ALLTT^aXtJM ^^| 


^^^^^^^^H 


5 iinita of scale of 


Primary radiation 


Secondary radiation ^^^H 


^^^^^^^^^H 


electrometer 


in % of total 


in % of total ^^H 


^^^^^^^^^^^^^1 meaauiiEg 


in seconds 


radiation 


radiation ^^^H 


^^^^^^^^^^^H 


15vO 




^^H 


^^^^^^^^^^^^^H Primary radiation ... 


42.0 




^^^1 


^^^^^^^^^^^^^P 


16.0 




^^^^ 


^^^^^^^^^^^^^1 Secondary radiation 


18.0 




^^^M 


^^^^^^^^^^^^^1 ,,,.., 


15,0 


36.9% 


^^H 


^^^^^^^^^^^^^1 


40.0 


with correction for 


with correction for ^^^H 


^^^^^^^^^^^^^V 


15.0 


accidental radiation 


accidental radiation ^^^H 


^^^^^^^^^^^^^^ Secondary radiation 


17.8 


and so fortk 


and so forth ^^^H 


^^^^^^^^^^^^^1 


14.4 


28.6% 


83% ^^H 


^^^^^^^^^^^^^1 Primary 


37.0 




^^^M 


^^^^^^^^^^^^^^H < 


14.0 




^^^H 


^^^^^^^^^^^^^m Seoondary radiation . . 


16.4 




^^^1 


^^^^^^^^^^^H 


14.4 




^^1 


^^^^^^^^H X KAYS FILTERED WITH 1 MM. OF COPPER ^^| 


^^^^^^^^^^^B 


5 units of scale of 


Primary radiation 


Secondary radiation ^^^H 


^^^^^^^^^^^^^^^^^H 


electrometer 


in % of toUl 


in % of total ^^^H 


^^^^^^^^^^^H 


la seconds 


radiation 


radiation ^^^H 


^^^^^^^^^^^^^^^^ Total radiation 


24.0 




^^H 


^^^^^^^^^^^^^H Primary radiation . . . 


69.0 




^^^M 


^^^^^^^^^^^^^B 


23.8 




^^^^ 


^^^^^^^^^^^^^M 


28.2 




^^^1 


^^^^^^^^^^^^^1 


23.0 


40.6% 


^^M 


^^^^^^^^^^^^^ Primary radiation 


57.0 


with correction for 


with correction for ^^^H 


^^^^^^^^^H^ Total , 


22.4 


accidental radiation 


accidental radiatioii ^^^H 


^^^^^^^^^H Secondary radiation . 


26.0 


and so forth 


and so forth ^^^H 


^^^^^^^^^K^ Total 


21.2 


3L67e 


^^H 


^^^^^^^^^^^H Primary radiation 


64.2 




^^^H 


^^^^^^^^^^H Total radiation ..... 


22.9 




^^^1 


^^^^^^^^^^P Secondary 


26,4 




^^^1 


^^^^^^^^^^B Total radiation 


22.8 
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We see from these tabulations that the amonnt of the dose due 
to secondary radiation not only amounts to a considerable percentage 
of the total dose, but even surpasses the amount obtained from the 
primary radiation with the size of field chosen. 

We did not use the Coolidge tube in these tests in the preceding 
ones, but a Lilienfeld tube. The reason is as follows : The source of 
radiation in the Coolidge tube is not solely to be sought for in the 
focus of the anticathode, for the entire antieathode with its metal 
arm emits radiations. This may be proven ^ith a pin-liole camera* 
The presupposition for the determination of the absolute amount of 
secondary rays according to the described method is, as one may 
easily explain from geometrical considerations by means of Fig. 33, 
that the starting point of the X-rays on the anticathode is small, by 
no means larger than by 1 sq. chl of the size of the diaphragm Bi, 
for if the starting point of the X-rays of the anticathode is greater 
than diaphragm Bi then the diaphragm Bi will not cut out all the 
direct rays from the measuring chamber, but part of the direct 
X-rays will strike the measuring chamber in an unfiltered state and 
the measured amount of secondary rays will appear to be too great. 
A sinular deliberation will demonstrate that a slight error is also 
present in the determination of X-rays directly striking the measur- 
ing chamber. The experiments which w^e carried on with the 
Coolidge tube as radiation source confirmed this suspicion. If we 
added the doses measured for secondary rays to that for primary 
rays we did not obtain the sum value of the total dose, but the sum 
gave a value about 30 per cent too high. 

Influence of the Size of the Field on the Time Duration of Applica^ 

tion of the Dose, 

The fact that secondary rays contribute a large share to the 
total dosage at a place within the area traversed by the rays, suggests 
the possibUity that the size of the amount differs depending on the 
extent of the radiated surrounding water. The size of the field may 
not be without* influence on the dose. 

We have investigated the influence of the port of entry on the 
dose at the surface as well as in the depth. We have always meas- 
ured the dose in the middle of the field, the focus being placed in a 
vertical axis of the •center of the radiation field. 

The details of the experiments were as follows : The X-ray tube 
B (see Fig, 34) contained in the bowl T, was placed at a focal dis- 
tance (F* H.) of 30 cm. from the surface of the water in the phantom. 
Various sized diaphragms (B) could be inserted by means of a spe- 
cial holder on the surface of the water. In the center of the dia- 
phragms a square was cut out, the sides (D) of which were of dif- 
ferent sizes. The size of the field on the surface of the water was 
therefore determined by these openings. The sizes of fields were 4 
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Cise of field 


5 


units of ficale of 


Ratio of times of 


cm. 


electrometer in 


seconds 


application 


4X4 




41 6 






12X12 
4X4 

12X1^ 
4X4 




31.6 
39 2 
27.8 

ad 




29.0 


12X12 




2B.6 







The table shows that with X-rays filtered with 1 nuru copper a 
dependency of the time of application of a known dose from the size 
of the field is present. The dependency, as seen from Fig. 35» is more 
marked than with 3 mm. aluminum* This greater dependency is 
perhaps caused by the fact that the extent of the area from which the 
secondary radiation of the radiated water may enter the measuring 
chamber is much larger mth the harder rays, filtered with 1 mm* 
copper* The following table gives the results of a test with X-rays 
filtered with 3 mm, aluminumj in which the measuring chamber was 
placed at a depth of 8 cm* 

TIME OF APPLICATION OF X-RAYS FILTERED WITH 3 MM. OF ALUMINLTtf 
FOR VARIOUS SIZES OF FIELDS IN A DEPTH OF 8 CM. 



Size of field 


6 unita of scale of 


Ratio of times of 


cm. 


electrometer in 


seeonda 


applicAtion 


4X4 


33.8 






e'xo 

4X4 

6xe 

4X4 


24 2 
33.2 

25.0 
32.0 




33.0 

=1.34 

24.6 


6X8 


24.8 






4X4 


30-6 






8X8 
4X4 
8X8 
4X4 


21.6 
33.0 
21,0 
32.6 




32.1 

—1.63 

21,0 


8X8 


20.4 






4X4 


34 4 






10X10 
4X4 

10 X 10 
4X4 


IB 6 
^2.4 
18 2 
30 




32.3 

= 1.78 

18.2 


10X10 


IT. 8 






4X4 


33.6 






12 X 12 
4X4 


16.0 
31.2 
16.2 
31.4 




82.1 

— 1 98 


12 X 12 
4X4 


16.4 


12 X 12 


17.0 







"We conclude from the numerical values that in the depth also a 
dependence of the time of application from the size of the field is 
prese nt The d ependence in the depth, as seen in Fig, 35, is much 
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more marked than on the surface, the time of application with a 
field of 4 by 4^ cnL and with a field p£ 12 by 12 c m. are nearly in a 
jratijj of l_x2. ^ ^ **^ 

The restilts of an analogous test with X-rays filtered with 1 mm, 
copper in a depth of 8 cm, are collected in the next table. Here also 
a inueh more pronounced dependence of th e dose from thejsJ M^f 
the field m obtained than on the surface. 

TIME OF APPLICATION OF X-RAYS FILTERED WITH 1 MM. OF COPPER FOR 
FIELDS OF VARIOUS SIZES IN A DEPTH OF 8 CM, 



8ixe of field 



5 units of scale of 
electrometer in eeoonds 

117 

83 
112 

90 
111 

87 



Ratio of times 
application 



of 



ua 

87 



-=i.ao 



116 
73 



= 1,60 



4X4 

loxio 

4X4 

10X10 
4X4 

10 X 10 



110 
85 



-=1.78 



4X4 
12 X 12 

4X4 
12 X 12 

4X4 
12 X 12 



110 
57 



-=1.0S 



A diflFerenee in the dependence of the time of application on the 
size of the field of x-rays filtered with 3 mm, alnmmum and 1 mm, 
copper is not observable. (See Fig. 35.) The absence of the differ- 
ence with the two qualities of rays in the depth in comparison to the 
snrface may be explained by assnming that the rays filtered with 3 
mm. aluminum have experienced an essential hardening after passing 
a layer of water 8 cm. thick, while the X-rays filtered with 1 mm. 
copper did not materially change in hardness after passing through 
8 cm. of water. At the surface we have rays of a different hardness, 
which caused a difference in the range of action of the secondary 
rays, while in the depths the range of action of the secondary rays 
has been almost equalized by the adjustment in the difference of 
hardness of the rays. 

In looking over the results of the tests the questions arise whether 
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the infloence of the size of the field by a further increase of size 
would be equally noticeable, or whether beyond a certain size a fur- 
ther shortening in the time duration of application of a known dose 
will not take place. The answer to the questions is best given from 
the curves in Fig. 35. The course of the graphs is not a straight 
one, as should be expected if the influence of the size of the field on 
the time of the application would ascend uniformly, but the course 
of the graphs is a broken one in the sense that the influence of the 
size of the field gradually decreases with an increase in the size of 
the field. The graphs slowly approach a horizontal course, ie., after 
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Size of PUld 
FiQ. 35. — Influence of ai2« of field on time of application of dofl«. 

a certain size of field (about 20 em.) is attained, a further increase in 
the size of the field does not assert any influence on the time duration 
of application of the dose in the center of the field. JChe result of 
the preceding investigation therefore is: The size of the field has an 
tmporlant influence on the time duration of the application of the 
\/ dose. 

Significance of the Size of the Field for the Qttotient of the Dose. 

Prom the marked dependence of the time duration of the applica- 
tion for a given dose on the size of the field in the depth in com- 
parison to the surface, as we have shown in the preceding investiga- 
tionSj the conclusion must be drawn that the ratio of the depth dose 
to the surface dose, which in literature is designated as the quotient 
of dose, depends on the selection of the size of the port of entry. The 
great importance which the employment of a most favorable quotient 
of dose assumes in deep therapy induced us to make careful investi- 
gations. We again made use of the water phantom in these tests. 
Adhering to the details observed in our biologic observations, we 
ehose a distance of focus from surface of 50 chl and as varieties of 
sizes of field 5 by 5 cm., 10 by 10 em. and 15 by 15 cm. The depths at 
which we carried out our investigations were 5 and 10 cm. The 
course of the experiment was altogether the same as in the preceding 
one. The filters chosen were 3 nun* aluminum, 10 mm. aluminum 
and 1 mm. copper. 
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After the constancy of the rays had been tested with a few con- 
trol readings the time was alternately determined at the surface and 
the depth, within which the hand of the electrometer passed five units 
of the scale with a known size of the field* The size of the field was 
changed by the adjustable diaphragm located at the base of the tube 
bowl and the same measurements again executed. The following 
tables show three examples for a nmnber of such tests for the three 
qualities of rays examined. In the first column the size of the field 
is stated, in the second the method of measuring is entered, the third 
column gives the time passed by the hand of the electrometer for five 
divisions of the scale in seconds, while in the last column the quotient 
of dose for the different sizes of fields is entered. 

From the three tables we deduce the result: The quotient of the 
dose is very much dependent on the size of the field. It is the more 
favorable, the larger the field is. A larger quantity of X-rays^ ie., 
19 per cent more, are applied in the depth of 5 cm. ^\*ith a field size of 
15 by 15 cm. than with a field size of 5 by 5 cm. with the same sxirf ace 
dose, while in a depth of 10 cm. the amount is even 36 per cent more 
in the larger field. With X-rays filtered with 10 mm. aluminum the 
difference found wiih fields of similar sizes in a depth of 5 cm. is 
18 per cent, and of 10 cm. 29 per cent. 

X-RAYS FILTERED WITH 3 MM, OF ALUMINUM 







5 units of scale of 




Site of field 


Method of 


electrometer ia 


Quotient of 


cm. 


Measurement 


leoonds 


doae 







Z5A 






6 cm. depth 


64 6 




5X5 





25.0 


^,m 




6 cm. depth 


65.0 









25.0 






6 em. depth 


56.2 









21.8 






6 cm. depth 


49.0 




10X10 





22.2 


11.44 




5 cm. depth 


49.6 









21,8 






5 cm. depth 


49.4 









19.4 






5 cm. depth 


41.0 




16X15 





20.0 


0.48 




6 otn. depth 


40.0 









20.0 






5 cm* depth 


4L0 









27,8 






10 cm. depth 


199.0 




5X6 





26,2 


0.14 




IC cm. depth 


192.0 









27.2 






10 cm, depth 


190.0 
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6 units of scale of 




Size of field 


Method of 


electrometer 


in 


Quotient of 


cm. 


Measuring 



10 cm. depth 


seconds 

21.8 

111.8 




dose 


10X10 



10 cm. depth 


10 cm. depth 


10 cm. depth 


22.0 
110.8 

21.8 
113.0 

19.4 
90.4 




0.20 


16X16 



10 cm. depth 


10 cm. depth 


19.8 
00.4 
20.2 
89.4 




0.22 



X-RAYS FILTERED WITH 10 MM. ALUMINUM 



6X6 88.2 0.48 



10X10 31.4 0.66 



16X16 29.4 0.69 






37.6 


6 cm. depth 


79.0' 





38.2 


6 cm. depth 


49.0 





38.4 


6 cm. depth 


82.0 





34.0 


6 cm. depth 


61.0 





31.4 


6 cm. depth 


68.4 





32.4 


6 em. depth 


68.0 





30.0 


6 em. depth 


60.0 





29.4 


6 cm. depth 


49.8 


1 


29.2 


6 em. depth 


60.4 





42.2 


10 cm. depth 


191.0 





40.0 


10 em. depth 


190.0 





40.4 


10 cm. depth 


188.0 





83.2 


10 em. depth 


121.0 





88.0 


10 cm. depth 


119.0 





31.4 


10 em. depth 


120.0 





29.8 


10 cm. depth 


93.0 





29.9 


10 cm. depth 


96.0 





29.0 


10 cm. depth 


96.0 



6X6 40.0 0.22 



10X10 88.0 0.27 



16X16 29.9 0.81 
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X-RAYS FILTEHED WITH 1 


MM. COPPER 










6 units of scale of 




&bm of field 


Method of 


electrometer in 


Quotient of 


^m. 


Meafluring 




MOOIld0 


dose 











63.0 






5 


cm. depth 




113.0 




6X5 









ei.o 


0.56 




6 


cm. depth 





110.0 
53.4 






6 


cm. depth 





111.0 
50.2 






6 


cm. depth 




ao.o 




10 X 10 









52.2 


0.64 




5 


cm. depth 





80,0 
51.8 






6 


cm. depth 





79.0 
49.5 






5 


cm. depth 




68.0 




15X16 









47.8 


0.73 




5 


cm. depth 





68,0 
46.6 






5 


cm. depth 





64.0 
62,4 






10 


cm. deptL 




205.0 




5X5 









66.0 


O.Sl 




10 


cm. d«pth 





209.0 
67.4 






10 


cm. depth 





211.0 
67 4 






10 


cm. depth 




151.0 




10 X 10 









57.2 


0.38 




10 


cm. depth 





150.0 
58.2 






10 


cm. depth 






149.0 
54.2 






10 


cm. depth 




122.0 




15X15 









52.8 


0.43 




10 


cm. depth 





124.0 
52.4 






10 


cm. depth 




125.0 





_X-rays filtered with 1 mm. copper give^ witli an otherwise like snr- 
^face dose, with a field size of 15 by 15 cm. a dose 23 per cent higher 
than with a field of 5 by 5 cm. The difference in the depth doses 
at a depth of 10 cm. with the two field sizes is 28 per cent. If we 
compare the values obtained from the various radiations with each 
other, we find with the exception of the field 5 by 5 cm. and of X-rays 
filtered 'v^ath copper and 5 em. depth, that the dependence of the 
quotient of dose on the size of field is much more marked with the 
soft rays, and that therefore the quotient of dose is more favorable 
in larger field sizes in comparison to smaller fields if a softer radia- 
tion is used. The tests described in the previous chapter on the 
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dependence of the size of application of the given dose on the size 
of field conforms to these results. 

Here also a further increase in the size of field beyond a certain 
size is finally without any influence on the magnitude of the quotient 
of the dose. To express this in a graphic form, we refer to Fig* 
36, in which the quotients of the doses have been plotted for a depth 
of 10 cm* for the three measured field sizes and for the three hard- 
nesses investigated. Though only three points are at our disposal, 
we see that the course of the graphs is not a straight one, but grad- 
ually approaches a horizontal line with the larger fields. 

If we ask why beyond a certain field size an influence of the field 
on the time duration of the application of the dose and on the quo- 
tient of the dose is not any more recognizable we may explain the fact 
as follows: If X-rays (as in Fig- 34) enter the water phantom 
through the larger field D, all of the water penetrated by the rays 
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Sise 4>f Fiild 
Fto. 36. — Kelation of quotient of dose to size of fi«ld« 

will send out secondary rays. The secondary rays also will strike 
the measuring chamber of the dosimeter, which is located in the cen- 
ter of the beam in the water. The regions of water directly sur- 
rounding the chamber permit the secondary rays to strike the cham- 
ber in an almost unweakened condition, and the farther the regions of 
the water, sending out secondary rays, are distant from the chamber, 
the much more arc the secondary rays weakened by the greater dis- 
tance and by the layer of water intervening between these regions and 
the measuring chamber. Finally, a distance from the measuring 
chamber K exists in which the secondary rays are so weakened that 
they do not any more possess an appreciable influence on the dose 
measured with the chamber. A certain region of the irradiated 
water around the measuring chamber therefore exists, the secondary 
rays of which contribute to the dose* The region is tiiie more exten- 
sive, the harder, and therefore the more penetrating the rays are. 

As long as in our experiments, on the dependence of the time of 
application on the size of field and on the dependence of the dose 
quotient on the field size, the field sizes investigated are lying within 
the range of these secondary rays, a dependence of the time duration 
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of the application and the qiiotient of the dose from the size of the 
field must be present. As soon as the field became larger than the 
length of the secondary radiations, a dependence of the time dura- 
tion of the application on the quotient of the dose from the size of 
field will no longer exist, because the secondary rays arising withm 
the region beyond that of the actually active secondary rays do not 
possess any more influence on the dose. 

Concerning the Influence of the Secondary Radiation on the Distrihuh 
Hon of the Dose within and imthout the Radiated Region. 

We observed in the previous chapter what a great influence sec- 
ondary rays have on the dose, what a large percentage of the dose 
at a place within the irradiated water is derived from secondary rays. 
The investigations showed that if the dose was measured in the cen- 
ter of the radiation field not all of the secondary radiations of the 
peripheral portions of the field contributed to the dose, but the far- 
ther distant the regions emitting secondary rays are from the cen- 
ter of the field, the smaller a portion of its secondary rays reaches 
the center of the field- We spoke of a distinct limitation of the 
action of the secondary rays. 

The conclusion may be drawn from the results that the dose is 
not of an equal size in all the regions of the radiation field. The dose 
will be largest in the middle of the field and gradually decrease 
towards the periphery. All of the irradiated water in the center 
influences the dose, while at the periphery of the field only a part is 
active* 

Another conclusion which may be drawn from the results of the 
previous chapter is that the regions of water surrounding the radia- 
tion field proper will receive a certain dose during radiation derived 
from the secondary rays of the radiation field. The region of water 
to which, through a field of known size, a dose of X-rays is to be given, 
will not be a sharply limited one, but the surrounding parts also will 
receive a certain X-ray dose. The transition of the intensity of rays 
from the radiation field proper to the surrounding part which will 
not receive any radiations, also will be a gradual one. 

To subject these conclusions to an esperimental test the foUow- 
ing method was used, which is schematically represented in Fig. 37. 
We used as water phantom a large glass trough, Tr. The chamber K 
was introduced to the center of the trough through a glass tube wMch 
was densely packed with wax to prevent the entrance of water. The 
surface of the water was 8 cm, above the chamber. The anticathode 
of the X-ray tube R, which was placed in a bowl T, was located at a 
distance, FH, of 50 cm. from the surface of the water. The bowl was 
carried by the stand S, the horizontal arm of which was movable and 
provided with a scale Sk, divided in centimeters. The diaphragm B 
made from heavy lead sheeting served to limit the field. The dia- 
phragm B was rigidly fixed to the bowl with a connecting rod V. If 
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the X-ray tube was moved by moving the horizontal arm then dia- 
phragm B would simultaneously move. The diaphragm B rested on 
a sliding arrangement, Sch, made from wood, to facilitate the hori- 
zontal motion of the X-ray tube and diaphragm. The measurement 
of the dose at various places within the field was attained by the 
moving of the X-ray tube and radiation field, while the measuring 
diamber K remained stationary. The filter F — for these tests we 
used X-rays filtered with 1 mm. eopper^ — was placed closely beneath 
the bowl. 

The course of the experiment closely adhered to those observed 
in the preceding investigations. The constancy of the source of 
radiation was ascertained by a few control measurements. The time 
was always observed within which the electrometer passed through 
five divisions of the scale. Starting with the position of the anti- 
cathode directly above tiie measuring chamber K, the X-ray with 
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the diaphragm was moved laterally from centimeter to centimeter 
and the electrometer read each time* Between every one of these 
readings a control measurement was inserted with a vertical posi- 
tion of the focus above the measuring chamber. The results of the 
measurements of a few series of these experiments are entered in the 
following tables* In the first column is the method of measuring, i.e., 
the position of the X-ray and diaphragm in reference to the meas- 
uring chamber; in the second colunm the reading times of the elec- 
trometer are entered in seconds; while in the fourth column the 
calculated dose in per cent of the dose measured in the center of 
field, i.e., the vertical position of the anticathode above the measur- 
ing chamber. 

The first table shows the results of measuring with a field the size 
of 4 by 4 cm. Fig. 38 represents the graph of these results. 
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^^^^^r Fig. 38. — ^Influenee of secondary radiation on the distribution of dose within and without ^^^^| 
^^^^V the radiation field of 4 sq. cm., measured in water phantom. ^^^^| 

^HH From table and figure we see that the dose does not drop suddenly ^^^| 
^^^1 to zero with the geometrical limits of the field of radiation^ but that ^^H 
^^^H a gradual decrease of the dose takes place with an increase in dis- ^^^| 
^^^H tanee from the radiation field. Within a distance of 2 eiiL measured ^^^| 
^^^H outward from the geometrical limit of the radiation fields a little ^^H 
^^^H more than 20 per cent of the dose applied by the central beam still ^^H 
^^^H exists, and at a distance of 6 ciil from the limit of the radiation field ^^H 
^^^H a markedly smaller dose is still recognizable. ^^^| 
^^^H The next table shows an analogous measurement with a field size ^^H 
^^^H of 8 by 8 CHL^ while Fig. 39 represents the graph plotted from this ^^H 
^^^1 ^^H 
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^^^^^^^^^^^^^H FlQ. 39.^ — ^Influence of secondarj radiation on tbe dtHtributiou of dose within and without ^^^^| 
^^^^^^^^^^^^^V the radiation field of 8 sq. cm. measured in the water phantooL ^^^^| 

^^^^^^^H From the table aBd graph we deduce that here also a sharp llmita- ^^H 
^^^^^^^1 tion of the field of radiation is not present^ but that in a distance of ^| 
^^^^^^^P 2 cm. beyond the geometrical limits of the field a noticeable radiation ^^H 
^^^^^^^V dose may still be ascertained* It amoimts with this field size at a ^^H 
^^^^^^^L distance of 2 cm. beyond the periphery of the field to almost 20 per ^^H 
^^^^^^^B * cent, and at a distance of 6 cm. to 10 per cent of the dose applied by ^^H 
^^^^^^^H the central beam. We also see from the measuring that the dis- ^^H 
^^^^^^^H tribution within the radiation field is not uniform, bnt that within a ^^H 
^^^^^^^^H known time duration of radiation the dose is largest in the center of ^^^| 
^^^^^^^H the radiation field and gradually decreases towards the periphery. ^^H 
^^^^^^^H This was to be expected according to the investigations on the influ- ^^H 
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^^^^^^ ence of secondary radiatioiis. The difference of the dose in the cen- ^^^^H 
^^^H ter of the field and of that at the periphery for a field size of 8 by 8 ^^H 
^^^H cm, amounts to about 20 per cent ^^H 
^^^P In the next table the results of an analogous measurement with a ^^H 
^^^1 field size of 12 by 12 cm. are entered. Fig. 40 represents the results ^^H 
^^^B in a graph. ^^H 
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^^^^^r Frd, 40. — ^Influence of eecondaij radiation on the distribution of dose within and without ^^^^| 
^^^^H the radiation field of 12 eq. cm. measured in the water phantom. ^^^H 

^^^H From the table and graph we see that here also the influence of ^^H 
^^^H secondary radiations on the distribution of the dose within and with- ^^^| 
^^^H out the radiation field is noticeable to a marked degree. The decrease ^^H 
^^^H of the dose with an increasing distance from the radiation field is ^^^| 
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here Htill more gradoal than in the series of experiments with the 
smaller field sizes. 

In order to demonstrate that the results given in these series of 
meaHurements are really censed by the secondary rays emitted from 
the irradiated water of the phantom, we add another series of meas- 
urements which was obtained by the same methods of experimenta- 
tion, however, with the difference that the water was removed from 
the phantom; therefore the secondary rays arising in the air and 
also in the bottom of the phantom only could exert an inflnence. The 
measurements were made in a field of 5 by 5 cm- The measurements 
are given in the following table and the graph in Fig. 41, 
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Vli, 41,— InflUflnoe of teoondary nuliation on the distribution of doM within and without 
th# rftdiitioiL field of 5 aq. cm. meaaured in the empty water phantom. 



From the table and graph we see that the limits of the field of 
radiation are much more clearly defined than in the investigations 
made with the phantom filled vrith water. The dose has already 
depredated to an amount scarcely measurable within a distance of 
2 cm. from the geometrical limits of the radiation field* This result 
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was to be expected on accoimt of the much smaller secondary radia- 
tion from the air in comparison to that of water. 

The results of the experiments described in this chapter may be 
summarized in the following sentences : 

1. Secondary radiation exercises an important influence on the 
distribution of the dose within and without the radiation field. 

2. The dose is largest in the center and decreases gradually to^ 
wards the periphery of the radiation field. 

3. The limitation of the field of radiation is not clearly definedf 
hut a gradual decrease of the dose occurs ttith an increase in distance 
outwardly from the periphery of the radiation field. 

Though these experiments were performed only with X-rays fil- 
tered with 1 mm. copper, one must conclude from the results of the 
other investigations on secondary rays, that with the use of other 
qualities of rays a similar influence of the secondary rays on the dis- 
tribution of the dose within and without the radiation field exists. 



PART 11. 
THE BIOLOGIC PRINCIPLES OF RADIATION THERAPY 

In the first part of the book we saw that it is possible with physical 
measuring methods to gain an opinion on the quality of the rays em- 
ployed and on the size of the dose applied. We have mentioned as 
a practical measuring method the ionization method and specified an 
instniment of practical usefulness. 

With the aid of these measuring methods we have attempted to 
define the laws which govern the action of the X-rays and rays of 
radioactive substances on biologic objects. 

It appeared to be of special importance to ascertain whether laws 
may be propounded for the following questions which are of prac- 
tical importance in deep therapy : 

L Is with the same dose the degree of the biologic action of 
X- and gamma-rays dependable on the hardness! 

n. Is with the same dose the degree of biologic action the same 
if the dose is applied with a great intensity of rays within a short 
time or with a small intensity of rays within a long time ! (Schwarz- 
schild's law.) 

m. Is with the same dose the intensity of the biologic action 
the same if the dose is applied in one sitting or in fractional doses 
with definite time intervals I (Law of the intermittent dose.) 

TV. With the same dose, is the intensity of the biologic action 
influenced by factors as secondary radiation, diathermy, heat, etc.! 

We realized from the start that these laws could not be promul- 
gated without other additional investigations being made first. Con- 
ditions are so extremely complicated in such differentiated organ- 
isms as the human body. Therefore we first had to attempt to de- 
termine the laws in annuals and vegetable organisms of a lower 
order and then investigate whether they could be applied to the 
human body. 



Experiments cm the Usefulness of Frog Lanrie as Test Objects 

A biologic object is useful for our purposes as test object: 

1. If it reacts to an applied dose of X- or ganmaa-rays with char- 
iicteristic and easily recognizable changes in form and function; 

2. If these characteristic changes are already noticeable in vary- 
ing degrees with relatively small differences in the dose, that is, if 
the test object is sufficiently sensitive; 

3. If the biologic object may be easily procured in such great 
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numbers of the same origin that the result of the experiments is not 
influenced by individual differences. 

'We have tested the most varied biologic objects for these require- 
ments, and have finally and almost exclusively employed the larv® 
of frogs, as had already been done by Gauss and Lembke, 

A female frog of rana temporaria or rana esculenta lays her 
spawn in a big ball-like clump in stagnant water, A short time after 
the expulsion from the womb the eggs of rana temporaria swell in the 
water to a size of a diameter of about 1 cm. The eggs of rana escu- 
lenta are somewhat smaller. The spawn of the frogs, L (see Fig, 
42)^ was placed on a stand made of thin glass rods which enclosed 
a circular area 1 cm, high and 8 cm. in diameter, the floor and walls 
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of which were made of thin gauze. Thus the radiation dose could 
be applied to all the eggs at the same time. The eggs were placed 
within this Emited space in one layer corresponding to their size* 
The ionization chamber K, serving to measure the dose, was placed 
next to the stand at the same height as the layer of frogs L in such 
a manner that at a certain place C a glass tube was sealed in, which 
was closed w^th a thin rubber cap for the reception of the ionization 
chamber. The iouization chamber in all these experiments with 
larvBS consisted of a cylindrical, very thin walled (0.1 mm.) alu- 
minum chamber, described more in detail in Part I. We %vill later 
discuss in how far the results of measurements with such an alu- 
minum chamber must be corrected in the quantitative detennination 
of the dependence of the intensity of the biologic action on the hard- 
ness of the rays. 

The radiation was always performed in pond water. The vessel 
used for the experiments was of glass of a diameter of 25 cm, and 
a height of 12 cm., w^hich was filled with pond water up to 6 cm., 
that is, to such a height that the frog spawn was just covered with 
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water. We will see later why we thought it correct to use such a 
large vessel for onr experiments, 

A Coolidge tube was used almost exclusively as a source of radia- 
tion for X-rays because it is constant and easily controlled during 
its operation. It was placed in a tube stand which could be easily 
moved in all directions and was provided with a bowl of leaded glass. 
Beneath the tube bowl (T) exchangeable diaphragms and the filter 
(F) could be placed. An inductor ^ith gas interruptor was exclu- 
sively used for the tests in these experiments on frogs' spawn. The 
focus of the X-rays (R) was vertically above the center of the glass 
bowl, and at sueh a focal distance (FH) from it that the decrease of 
the intensity of the X-rays mthin the radiation field could be neg- 
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lected. Thereby we attained that all of the frog's spawn received 
the same dose measured with the ionization chamber. 

The radium cannon, described in Part I, in which the radium 
served as source of radiation from radioactive substances and meso* 
thorium preparations, was motmted as evenly as possible upon a 
circular layer of a diameter of 10 cm. The rays were filtered with 
1.5 mm. brass and 5 nun. celluloid. (See Fig. 43.) 

The cannon was kept at a distance (FH) of 4 cm. from the frog 
spawn in the glass trough by three glass supports. The measurement 
of the dose for the radiation with gamma-rays of radium and meso- 
thorium was performed in the following manner: 

The ionization chamber was first placed where later the middle of 
the frog larvEB would be. The time was determined within which 
the dose would be attained at this place. The ionization chamber 
was then removed and the stand with the frog larvae inserted, the 
conditions remaining otherwise the same. As we possessed a con- 
stant source of radiation in radium and mesothorium, the time within 
which the desired dose was obtained could be calculated by com- 
parison from the time within which a unit of dose was measured 
with the iontometer. 

We T^ish to mention that all metal parts must be carefully avoided 
within the glass trough because uncontrollable mfluences in the de- 
velopment of the test animals might result therefrom due to unde- 
sirable radiations. 
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With this arrangement of the experiment we next examined the 
usefulness of the frog larva* as test objects* 

Characteristic Changes in Form and Function of Frog Larvm after 
the application of a Dose of X- and Gamma-Rays. 

V. Hertwig had already drai\Ti attention to the characteristic 
changes observed in his experiments l)y the action of radimn in 
young frog eggs which appear during the progress of the period of 
development of the eggs to young larva?. They consist essentially in 
deformities of the larv^ which are marked by curvatures and blister 
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formations mostly on the belly (abdominal dropsy), llert^vig desig- 
nateil these synij*toms as radiation or radium sickness of the frr»g 
larva?, which designation we also will employ. 

We subjected the experiments of V, Hertwig to control examina- 
tions and confirmed and extcTided them further to X-rays. We saw 
that the same deformities of the frog larva^ also appeared following 
radiation with X-rays and reproduce a few photos:rai)hs which show 
larvsB of normal development and larva^ of abnormal development 
due to the radiation siekness produced by radiation,* 

The frf>g larva^ continue to develop for some time in spite of the 
deformity and, finally, after a certain time interval succumb to the 
radiation disease. 

We liave always measured the dose in these control examinations 
according to the directions given above, and were enabled to deter- 
mine that a most favorable dose for the repetition of these character- 

• Tlie phcitofrraplis wer*^ ol>taiiiP<l in the foUowing manner: On the day a of observa- 
tion a lew anitnala. which eviucfd a menn average of radjatjon Rymptoms, were taken from 
the culture plates ami placeil in diluted solution of formo! for the purpose of preservatinn. 
Tlie animals were photographed in water on a glass plate, divided in niiniuietera witli h 
microphutog^raph. The divisiotist on the photograma give alfti a measure for the actual 
•ize of the afiimala. 
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istic changes exists. The sjiiiptoms of radium 'sickness are hardly 
ULrticeable with a small dose. The larvtp rapidly succumb if the dose 
is too great, due to the action of the radiation, without any character- 
istic changes having developed. 

The experiments demonstrated further tliat the more youtliful 
the frog larvcB are the more characteristic tlie deveh>pnient of the 
symptoms of radiation sickness will be. If the frog larva* have al- 
ready ^o far developed at the time of radiation that they have es- 
caped from the membranes and swim about in the pond water, then 
they show the snnptoms of the radiation sickaiess in a less marked 
degree, and often perish without any development of the symptoms. 

AVe have made systematic investigations to prove the dependence 
of the formation of the characteristic symptoms of radiatioti sickness 
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Fig, 45, — Almarmal development o! larva? i>f iwu^ umler lli*? juniji'iuv of X-rays 

res. radium rays. 



on the age of the frog larvfc with the same intensity of dose. The 
result of one of the four tests is reported in the following paragraph. 
The after tests also gave the same results with hardly any differ- 
ences being observable* 

MetJiod of Exj)eriment.---A large clump of spaivn from a pair of 
rana temporaria served as test material for tlie radiation experi- 
ment. The date of delivery (March 20) was exactly known by 
continued observations of the female. 

The clump of spawn was divided into eight ahnost even sized 
parts, each confaining 100 eggs. Seven of these were exposed to 
radiations while one of the spawn clumps was kept as control in the 
same room in a glass trough of the same size as those used for the 
radiated groups. W<^ radiated the seven spa^vii clumps at the same 
time of the day within a time interval of two days between each 
group begimiing the first day after birth. We applied X-rays. At 
the time of radiation of tlie first group the indications of the first 
cleavage of the eggs was recognizable with a magnifying lens; at the 
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time of radiation of the last group the larvae had already escaped 
from the oval membranes. 

A large Coolidge tube was used in these experiments. It was 
operated wdth an inductor and gas interrupter, so that the potential 
energy at the tube corresponded to a parallel spark gap of 35 cm. 
An auxiliary spark gap of 5 cm. was also placed in series with the 
tube. The distance of the focus from tlie frog spawn was 35 cm. 
The dose was always 100 e. The rays were filtered with 10 nnn. 
aluminum. 

After radiation the radiated frog eggs were kept in pond water 
in large glass troughs like the controls. The pond water was re- 
placed daily with fresh pond water. The larva* were fed with the 
alga? attached to the water plants and later with steamed salad. 

The excerpts from the observation journal are compiled in the 
following table. 
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THE DEPEXDEKCY OF S\T^PTOMS PRODUCED WTTH RADIATIOXS ^^B 


^^^^^^^^^^H Singe of development 


March 21 

Lfirvir Urt^t day post- 
partum: 1-4 cell atage. 


March 23 
Four cell stage. 


March 25 ^^H 

Larvsr arc juat assum- ^^B 
ing form wilhiti the oval ^H 
membranes. ^H 


^^^^^^^^^^m Observatiuiis 


The cnntrols are so far 
developtfl tbat the lanre 
have as* limed form with- 
in the menihraiies, so that 
the lieiid may be recog- 
nize«l from the reat of 
the body. 


The controls are so far 
developed tbat head and 
tail end are visible with- 
in the niend>ranes» but 
th**y do not m yvi ex- 
hibit motion. 


The controls are »o far ^M 
developed that they he- ^M 
gin to show life. ^^^^^| 




The radiated ftnimals 
ahow a difference from 
the controlfi, aft they are 
behind in development, 
have partly died and un- 
dergone decomposition. 


The radiated animals 
already partly exhibit 
the characteristic de- 
formitjt the radium dis- 
ease (curvature). 


The radiated animals ^H 
do not yet e\ince observ- ^M 
able differences from the ^M 
controls. ^M 


^^^^^^^^^^B after 


T]w controls are so far 
developed that head anil 
tail ends are visible with- 
in the membranes, but 
do not as yet execute any 
movements. 


The controls are so far 
developed that they al- 
TRady move within the' 
membrBnes. 


The controls have left ^^H 
the membranes and !twim ^M 
freely about in the hntch- ^H 
ing bowL ^^^M 


^^^^^^H 


The radiated animals 
show distinct differenoea 
from the controls; the 
larper number are dead 
williin the oval sac, while 
the rest present cloddy 
lariie, 


The characteristic cur- 
vature \» even mort^ char- 
acteristic i format ien of 
Mi^ter^ has not as yet 
occurred. 


All radiated animaN H 
distinctly show forma- H 
tion of blisters and curv- ^M 
ature (abdominal drop- ^M 

M 


^^^^^^^^^^B ObfierTatioTts ten da^ra 


The controls ha\'e ao 
far developed that they 
already execute move- 
ments within the oval 
membranes. 


The controls have left 
the sac and swim about 
in the batching bowl. 


The larvffl» are further 
developed and are on an 
average 1 cm. long. 




The radiated animals 
have not any further de- 
velofied than March 29, 
but moat of tbem havei 
died. 1 


All larvie liave the 
characteristic signs of 
abdominal dropsy. 


The formation of blis* 
ters is plainly seen in 
the radiated animals. 
However, the larvee have 
grown still further. 


^^^^^^^^^^H Obflervationa twelve 
^^^^^^^^^^H days 


The controls have left 
the sao and 8wim freely 
in the hatching bowL 


The larx'te are still fur- 
ther develop wl and meas- 
ure on an average 1 cm. 


The larvte show nor* 
mal dei^elopraent and are 
1 cm. long. Trunk and 
tail end are plainly dif- 
ferentiated. 


^^^^^I^^K ^ 


^^J^ 




nul dropsy are niit any ^ 
more distinct: on the' 
other hand, the larv» are 
more deformed. 

The controls are 11 
mm. long and have grown 
stronger. 



The controls have con- 
tinued to further develop 



Trunk and tail 
clearly separotetL 



are 

The 



normally and are about larv* have fp"own strong* 



Trunk and tail are 
distinctly geparated; the 
larvffi have grown still 



11 mtn. long. 



er and are about 12 mm. stronger; length some- 
long, ^what above 12 mm. 
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stage of development 
at commencement of ob- 
sensations. 



Observations 14 days 
after radiation. 



Observations 16 days 
after radiation. 



Observations 18 days 
after radiation. 



March 21 

Larvs first day post- 
partum: 1-4 cell stage. 



The radiated animals 
have not developed any 
more since March 31, 
and all have died. 



March 23 
Four cell stage 



The larvK have grown 
somewhat more. The 
blisters occupy all of the 
region of the belly. 



The controls show nor- 
mal development, are 1 
cm. long; trunk and tail 
end are clearly differen- 
tiated. 



The larve have hard 
ly grown in length. The 
formation of blisters is 
still more pronounced. 
Ihe larvae begin to die 
in more or less large 
numbers. They all died 
the next day. 



March 25 

Larve are just assum- 
ing form within the oval 
membranes. 



The larvs have large 
blisters and are more 
curved. 



The controls are 11 
mm. long, and have 
grown somewhat strong- 
er. 



The larvae have large 
blisters and have grown 
slightly. 



The controls have con- 
tinued in normal devel- 
opment and are about 
11 mm. long. 



The radiated larvae 
have not grown any fur- 
ther; the blisters devel- 
op to enormous size. 
The greater number has 
died. 



The controls show a 
plain separation of trunk 
and tail. The larvae 
have grown larger ; 
length about 12 mm. 



The larvae, 
exception of a 
all dead. 



with 
few, 



the 
are 



The larvae still living 
on April 14 have died. 
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I March 27 


March 20 


March 31 


April 2 


^H 


^^" Larr» within the oval 


Larvse are at til within 


Lar\'ip are still within 


Larv.'e have escaped 


^^1 


f metDbranea are somewhat 


the membranes. Head i 


the membranes, but show 


from the membranes. 


^^^H 


1 fartlier ativaneed in de- 


and tail end visible. 


distinct movements. 


They swim freely within 


^^^H 


1 veloptueni. 






the hatching bowl. 


^H 


^^f Signs of abrlomitial 


The radiated animals 


The radiated animali 


The radiated animals 


^^1 


i dropsy are »een in a few 


do not show any signs of 


do not show any essen- 


do not show any essen- 


^^^H 


1 larvae. The others show 


abdominal dropsy. On 


tial differences from the 


tial differences from the 


^^^H 


1 marked curvature. 


the other hand, a few 
show minute blister for- 
mation at the bead. 


controls. 


controls. 


H 


^H The eontrols have fur- 


The trunk and tail 


The trunk and tail 


Trunk and tail end 


^^^1 


^^ ther continued to nor- 


end are clearly defined. 


end are clearly defined. 


are clearly definefl. The 


^^^H 


1 nially develop and ore 


The larvas have grown 


The larviP are somewhat 


caudal fin is already well 


^^^H 


1 atiout 11 mm. loztg. 


some stronger and are 


strongtT and somewhat 


formeil. Head is the size 


^^^H 




aliout 12 mm, long. 


longer than 12 mm. 


of a lentil, length alwut 
14 nmi. 


H 


The greater number of 


Signs of abdominal 


The radiated animal» 


In comparison to the 


^^1 


Iarv» have plainly dU- 


dropsy are not yet seen 


do not show any essen- 


controls, arrest in growth 


^^^H 


tinet signs of abdominal 


in the radiated anjmals. 


tial ditferences in form 


only is recognizable. 


^^^H 


dropsy and at the same 


Format ion of minutest 


compared to the controls. 




^^^H 


time small bl lifters on 


bli^iters on the head of 


On the other hand, they 




^^^H 


Uie beftd. 


annip of the larvje. The 
unitntiU have remained 
plainly behind in length 
and size in comparison 
to the control animals. 


have remained Whind in 
growth, in length as well 
aa circumference, in com- 
parison with the con- 
trols. 




■ 


^V Trunk and tail end are 


Trunk and tail end 


Head and trunk are 


Larvie*s head about 


^^1 


^" clearly defined. The lar- 


are clearly defined. Lar- 


distinctly dilTerentiated; 


size of lentil. Length 


^^^H 


L vje have grown larger 


v.'F have ^Town still 


caudal fin well formed; 


about 14 mm. 


^^^H 


^K and are about 12 mm. 


larger. Length some- 


bead al>out size of lentil,, 




^^^H 


■ !«"«■ 


what over 12 mm. 


length 14 mm. 




^^^^^1 


^V The greater number of 


The same findings as 


Findings exactly as 14 


Tlie radiated animals 


^^1 


W the radiated larvat have 


14 days after radiation. 


days after radiation. 


show a slight retarda- 


^^^H 


1 signs of abdominal drop- 






tion of growth compared 


^^^H 


1 5y and blister forpiBtion 






to the controls. 


^^^H 


^H OH bead. They have 








^^^H 


^H hardly grown any fur- 








^^^H 


■ 








^^1 


Trunk and tail are 


Head and trunk are 


The head is size of len- 


The larvip have hardly 


^^1 


distinctly defined. The 


u ist i lict ly d i fffrentiated. 


til: length about 14 mm. 


perceptibly grown since 


^^^1 


Inrvje have grown some- 


Caudal fin already well 




April 18.' 


^^^H 


what in size and are 


developed. Head about 






^^^H 


somfwhat more than' 12 


size of lentil; length of 






^^^H 


mm. Icmg. 


larv^ about 14 mm. 






^^1 


The greater nnml>er of 


A grent numl>er of the 


A few larvflp have died 


A few larvir died with- 


^^1 


larvir have died. VhtI 


1 larvte have dietl, without 


witliuut signfl of abdom- 


out signs of abdominal 


^^^H 


of the 0Urvivi»r*!i ^litnv 


marked signs of iibdooj- 


inal dropsy. The sur- 


ilropsy. 


^^^H 


aigns of alidoniinal ilrop- 


iitiil dropsy. The sur- 


vivors only show delayed 




^^^H 


*y; part of them have 


vivctrs only show arrest 


development. 




^^^1 


rt*matnet( gr t»atly l^chinJ 


i4 development. 






^^^H 


in development. 








^B 


AQ renutinitig larvse 


All larviB died within 


All animals had died 


Only a few larvae are 


^^M 


were dead on the 24 th 


32 days after radiation. 


by the 27th day after 


alive on 28th day after 


^^^H 


day. 


without a sign of ab- 


radiatton, without dis- 


radiation. They o n ] y 


^^^H 




dominal dropsy. 


tinct Aligns of abdominal 
dropsy. 


showed arrest of develop- 
ment until tU^vc ^TueX 


^H 


^^^^ 




\ dem'wi. 


^^ 
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This table shows that the syinptoms of radiation sickness appear 
especially distinctly if the larvae are still contained uithiii the mem- 
branes at the time of radiation. 

The death of the irradiated larvas from the same dose occurs the 
earlier the younger the larva? are at the time of railiation. This 
early death may be convenient for tlie rapid disposition of the ob- 
servation material. The earliest stages of development, however, 
possess the disadvantage that we cannot recognize whether barren, 
sterile eggs are not contained amongst the eggs. And further death 
by radiation often occurs so rapidly that one cannot always clearly 
decide whether the larvae have perished on account of the radiation, 
because the symptoms of radiation disease have as yet not been dis- 
tinctly formed* 

We regard the state of development as the most favorable for 
purposes of investigation which lies between the morula stage and 
the time of escape of the larv® from the egg. 

Sensitiveness of the Frog Larvte to the action of X-ray and 

Gamma-Rays, 

The second condition which we placed on the usefulness of a test 
object was that the biologic action should be clearly expressed in 
differently marked degrees wuth slight differences in dose. We 
termed it the biologic sensitiveness of the test object. 

To obtain values free from any objection on this point we per- 
formed experiments with increasing doses during the stage of devel- 
opment, namely, between the gastrula stage and the stage in which 
the larvae conunence to assume the fonn of the tadpole within the 
riiemliranes. 

In the first of the experiments the dose was increased twofold. 
The spawn clmnp of a pair of rana esculenta served as observation 
material. The eggs were so far developed that the embryos within 
the membrane had already assumed shape and form. See Fig. 1, 
table IL This starting material was divided into three parts, eacli 
of thirty eggs. Farts I and II were placed in a bowl and each 
one radiated at the same time, each with a Coolidge tube. The dis- 
tance of the focus to tlie spawn (FH) of both Coolidge tubes was 
chosen so that the dose measured with the ionization method applied 
to spawn I w^as twice as large as that applied to spawn II, therefore 
200 and 100 e. The filter consisted of 1 mm. copper. 

Fart III was kept as a control in the same room in a glass bowl 
of the same dimensions as the others and upon the same glass frame. 
This spawn was protected from the rays during the time of the 
radiation. 

After radiation the three groups were placed in three large cul- 
ture bowls, the pond water w^as renewed daily and the spawn was 
reared in the manner already described. 



RADIOTHERAPY 



113 



Extract from the observation journaL Day of radiation: June 
25th. 
Days of observation : 

June 28,^-All the Ittrvce have left the membranes. In both series of rAdiatecJ animals 
the charncleri^lic symptoms of radiation %ick:n«SB are seeit. They are more dislinclly 
murkecl in the itnimnls rayed with the double doae. See figure 2» table IL Tlie eantrol* 
am d*'%'floj»ing normally. 

June 30th,^The symptoms of radiation sicknesfl have not progressed in compari«4in ti> 
the observation made June 2Hth. The controls have markedly ad vn need in growth in com- 
parison to the radiated animals. See figure 3, table II. 

July 2nd. — ^The animaU radiated with the double do&e have died, with the exception 
of two individuals. Nine animals radiafetl with the .«in^le dot^ are »tt!l livin«;. The 
symptoms of radiation sickness are in mot^t ca^s more marked in the animals radiated 
with the double dose than in those radiated with the single d*»se, Tlie controls are all 
alive and *f normal development. See figure 4, table 11. 

July 5th. — All radiated animals were dead on July 3rd. The controls are alive and 
of pormal development. 

After wp had thus demonstratod that the sensitiveness of the test 
object is so great that plainly visible biologic differences in the 
reaction may be observed with the double dose we attempted in the 
following year at the spa^v^ling time of rana temporaria to determine 
still more exactly the sensitiveness. 

Course of the Experimmt.^-The spawn clump of a pair of rana 
temporaria served as observation material. The eggs were so far 
developed that the embrj'os had developed to the gastrula stage 
within the menilirane?;. The spawn elump was divided into five parts, 
each of about 100 eggs. One of them served as control, the other four 
were subjected to radiations. 

The raying conuueneed four days postpartum, March 28th and 
was performed so that the four clumps were placed in four radiation 
stands and w^ere exposed to the rays at the same time. A CooUdge 
tube, w^hich was operated with an inductor and gas interrupter so 
that the potential energy in the tube corresponded to a parallel 
spark gap of 35 cm., served as radiation source. 

The distance of the focus of tlie X-ray tube from the ionization 
chamber around wliich the four supports containing the animals 
were evenly plact^d, aiuiuuited ttj 35 cnu 

The doses applied to each one of the four clumps of larvae were 
75* ItKJ, 125 and 150e. Tlie individual successive doses therefore 
differ from each other by 25 e. 

The filter was 10 nun. aluminum. 

The result has been reproduced in the following table. 

It follows from these investigations that the frog larv^ show a 
sensitiveness, if they are exposed to rays during a stage of develop- 
ment corresponding to that of the gastrula, that with a difference 
of dose of about 25 per cent a distinct difference in the biological re- 
actions is just discernible, both as regards the mortality and the 
intensitj^ of the sjTuptoms of radiation sickness. 
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The Facility to procure Frog Larv^ of the same Origin in such 
large Numbers that the liesult.s of Investigations cannot become 
marred by hidividuai Differences. 

The third factor which we placed on a biologic object is fulfilled 
by using the frog larva? as test objects. The number of the procura- 
ble eggs is very large and it is possible to easily obtain eggs from 
one source in sufficiently large numbers as the female frog bears her 
spawn in a conglomeration of one clump. It is only necessary to 
determine by tests how large the individual differences in the eggs 
of one family are, to deduce therefrom the minimum of eggs neces- 
sary far each test* Our investigations showed, first, that the in- 
dividual differences are much greater in older frog larva? than in 
the young, as long as the latter are still contained within the mem- 
branes. This is perhaps dependent on the fact that the moment the 



Fig. 4(;. 



frog larviB escape from the membranes, the various external con- 
ditions, above all nutrition, gain a determining influence on the 
development and capability of resistance of the larv®. 

This view gains justification by the fact that the control animals 
also after expulsion from the membranes soon show a not unessen- 
tial difference in development. 

On account of this reason the young frog larva? are preferable 
to the older. 

The differences in reaction are so sliglit in the young individuals 
that one may draw definite conclusions from a number of about fifty 
experimental aninmls in each te?t, as shown from our experiments. 
We reproduce in a photogram a number of larvie which were taken 
at random from a group of fifty eggs radiated with the same dose 
under like conditions. 

The photograph, Fig. 46, shows clearly that the difference in the 
intensity of the sjTiiptoms of radiation sickness is relatively small in 
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the composition of the rays filtered witli 1 nun, copper. This has 
been demonstrated in our physical investigations. The gannna-rays 
of radium and uiesotlioriimi are perhaps still better defined in re- 
gard to their composition. Still we preferred the X-rays filtered 
\rith 1 mm. copper because it is difficult to measure the gamma-rays 
striking a more extensive biologic ul)ject on account of the impos- 
sibility to coiistroct a radiation field of a somewhat homogeneous 
bitensity when using radioactive substances. 

For this reason we have compared the biologic action of the most 
varied kinds of rays, including alsu the ganmm-rays, with the biologic 
action of X-rays filtered with 1 nun. copper- 
Results from biologic experiments can only then be compared 
with each other, if in the details of the test the requirements have 
lieen ol»served which must be placed on uiiolijectionable comparative 
biologic tests. This request was fulfilled if frog spawn was used as 
a test object under the following prerequisites: 

1. The frog eggs used for comparative experimental purposes 
must be derived from one family. 

2. Residts may only then be compared with each other if the 
experiments have been carried out at the same time, 

3. The frog eggs must be of the same size and nmst be exposed 
to the rays in an equal thickness of layer, 

4. The number of the eggs chosen for the test must not be too 
small on account of the great individual differences in the eggs of 
the same family, 

5. During the experiment all other factors which could eventu- 
ally exert a damaging influence on the frogs' eggs except X- and 
radium-rays must be avoided, 

6. Following the experiments the radiated eggs must be kept 
under the same conditions of living. 

As comparative investigations on the dependence of the intensity 
of the biologic action on the hardness c>f the rays in frogs larvae 
always require a very long thue, because they demand repeated con- 
trol tests, and as we may obtain the young frog larvae only at a cer- 
tain time of the year, we began with the investigations as soon as the 
physical investigations had so far progressed that a dosimeter could 
be placed at our disposal, which possessed the desired sensitiveness 
and dependence. If these conditions, sensitiveness and dependence, 
were fulfilled the results obtained could he used without any objec- 
tions, even if later a correction had to be made in tbe event that the 
dosimeter did not meet the requirements demanded in the physical 
part. We used as dosimeter in these biologic tests the iontoquanti- 
meter. The walls of the measuring chambei consisted of Mo mm. 
aluminum. All results were obtained with the dosimeter which is 
described on page 59. 

After the biologic experiments had been concluded the physical 
investigations revealed that a source of error existed attributable to 
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the use of ahiminuni in the construction of tlie walls of the measuring 
chamber. This error coiikl bo eliminated by the substitution of 
graphite for the ahmiinnni in the walls of the chamber. The results 
obtained in the experiments on the dependence of the intensity of the 
biologic action on the hardness of rays must therefore be subjected 
to a definite correction. We did not attempt this correction in the 
recitation of these experiments? to avoid unnecessary confusion. How- 
ever the necessary correction in the summaries has been discussed in 
detail in a special chapter. 



Comparative Investigations on the Intensity of Biologic Action 
of X-rays UnfiUered and Filtered with 1 mm. Copper on 
Frog Larvae 

AVe observed that X- and gamma-rays l>y their action on frog 
larva? produce characteristic changes in form and shape which finally 
may lead to the death of the individual. AVe have further seen that 
the early or late appearance of these symptoms is under otherwise 
like conditions dependent on the size of the applied dose. These 
accidents in the development of the frog larva? due to the action of 
rays w^ill be designated hereinafter as the biologic action of rays 
on the frog larvae, and bp the differejit intensity of the biologic ac- 
tions will be understood the difference in Ihe degree of the injury 
as to time of occurrence as tvell as to the intensity of the symptoms. 

Course of the experiment : The spawTi clump from a pair of rana 
esculenta served as observation materiaL The eggs had so far devel- 
oped that the embroyos had just left the membranes. 

This material was divided into three parts, each of fifty individ- 
uals. Parts 1 and 2 were brought in two different glass troughs 
filled with pond water and placed beneath the tiif>e stand. Parts 1 
and 2 were ray(Hl at the same time each with a Coolidge tube. In the 
radiation of part 1 the X-rays were filtered with 1 nmi. copper; in 
part 2 the X-rays were unfiltered. Part 3 was kept as control in a 
glass trough of the same dimension as those used for parts 1 and 2. 
The spawn was protected from the rays during the duration of the 
radiation in the X-ray room. 

The distance of the focus of both Coolidge tubes from the surface 
of the frog spawn was chosen so that the intensity measured with 
the ionization method was as nearly alike as possible in tlie unfiltered 
X-rays and in those filtered with 1 mm. copper. The time duration 
of the radiation therefore was as uniform as possil>le. 

80 e were applied in 83 and S9 minutes as the doses best suited 
for these experiments. 

Subsequent to the radiation the tliree groups were placed in tliree 
large culture plates, the pond water was replaced daily. The algas 
attached to the water plants and later steamed salad served as food 
for the frog larvae. 
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Extract from the observation journaL Day of radiation: June 
20tk 

Days of observation: 

Smaut 24th—D%9tincily visible changes are not seen in the r&dittted Animals and con- 
tnli. 

Joiie 26th — One animal of those radifite<l with X-rays filtered with 1 mm. cop|>er 
haadji?il; none of the aniirmk radinted willi niiHhen^d X-rays sitecumbed. but two of the 
c«illrol«. The radiated animalg begin to show gymptoma of radiation disease. Htfwcver, 
Ifcey are not yet characteristic. 

Jane 2^th — Two of the animals rayed with X-rnys filtered with I mm, copper have 
died: alflo three of the antmak rayed with unfiltered rays and two of the controls. The 
Krmter tinmber of the radiated aniiimlK in part t as writ as part 2 now evidrnce distinct 
ACtirm of the rays, for they have markedly remained heliind in growth in comparison with 
Um etmtrols. 

June :jCKh— C)f the animals rwycd with X-rays Altered with 1 mm. copper none hftve 
died, flvr of the aninmU rnypil with unliltered rayn nnij none of the controls. The r«diated 
anjinala in compnriAon with the controls show well-pronotmced retardation in growth. The 
anin»nls ruyrd with uiinttert>d ray^ have perliaps remained ^mnewhat more behind in 
growth than thfMie radiated with X-rays filtered with 1 mm. cop|>er. 

July 2nd — Another one of the animals rayed with X-rays filtered with 1 mm, copper 
llfti died, An additiomil live of those rayed with unfiltercd X-rays have succuml>ed» but 
wum9 of the cnntrol jiiiiMnilH, OMierwiHe t!ie findings are the same as on June 3fHh. 

July 5th— ^tev*•n of the animals rayed witli X-rays fiUere*l with 1 mm. copper have 
died and twelve of those rayed with unfiHered X-rays, but none of the controls. 

Tl«»twoon groups 1 and 2 a differenre may bo observed in so far as 
fhr aiiinml^* rayed with X-rays filtered with 1 nun* eopper bave sev- 
eral marked vt^nieijlar distentions in the abdominal region; they can- 
not be ofjHervtHl in the aninials radiated with nnfiltered X«rays, 

Six i}( the jniinials radialed witli X-rays filtered with 1 nmi. cop- 
per, that IH, all thtTSo .sliowiiig ahdoiiiinal dropsy on Jnly 5th have 
died; three of thnne radiated with unfdtered X-rays, and none of the 
eotilrolM* Tin* Hiirviving animals do not show any special character- 
jwli*' h>'iii|»l(MiJs i\f nidiation disease. However they have assumed a 
miiri* l»all likt* nliapt* in t-umparison to the controls which show a some- 
what h'n«:lhy lonn. T!h* radiated animals are also less strongly 
pl^iiii*id**d Mild iimeh more transparent than the controls. The ani- 
iiialH rndiiHi'd with uiifiltr^red X-rays have perhaps remained some- 
wlml \ut*vv Itrltiiid in growth tliao the animals radiated with X-rays 
(llt<M*i*d with 1 mm, cojiper. 

July inih: Thirtet^i of the animals radiated with X-rays filtered 
V llh 1 mm* eopper are still alivt* and live of tliose radiated with uii- 
nilei'ed X ravH, Ntuie of the controls have died. 



C on t ft if Experiment. 

Punrnr of Erprrimmf, — The spawn clump of a pair of rana escu- 

\viiln hvivihI hh radiation material. The eggs had so far developed 
that Hilt emhryoH liad Just left the membranes and were swiinniing 
ithmil t»ii the eullnre plate. 

Thi» iletailM nl' Ww experiment were the same as in the first experi- 
mmi. 1'he dime was SOi*. 
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Extract from the observation journaL Day of radiation, Jime 
8th. 

Days of observation: 

June 14tli — ^The controls are all ali?e and of normal development. The animala radi- 
ated with X-rays filtered with 1 mm, copper and those radiated with imfiltered rays show 
distinct retardation in growth in compariaon with the controls. A reoogni£able difference 
does not exist between the radiated groupa. 

June 16th — One of the animals radiated with X-raya filtered with 1 mm. copper has 
died showing dropsical swell inga. [Several of the individuals radiated with unitltered rays 
evidenoo dropsical swellings. None of the animals of this group have euccumhed. Both 
radiated groups have markedly remained behind in growth in comparison to the controls. 

June 18th — A large number of animals radiated with X-rays filtered with 1 mm^ 
copper have died; also a few of the animals radiated with unfiltered rays* 

The animals radiated with X-rays filtered with I mm. copper show a somewhat more 
marked arrest in development than the animals radiated with unfiltered rays, 

June 2^nd — All except nine of the animals radiated with X-raya filtered with 1 mm. 
copper are dead. The greater number of animals radiated vnth unfiltered rays are aliva 
and perhaps show a somewhat slower growth than the animalfi radiated with X-rays fil- 
tered with I mm. copper. 

June 24th — Same findings as on June 22nd. 

June 26th — Same findings as on June 22nd. The observations were continued to tho 
^nd of July, without any essential change t>eing apparent in the observations. 

From the two experiments it follows, that with the same dose and 
with the same intensity^ measured with the alurninum chamber^ the 
unfiltered X-rays do not exert a more markedly pronounced stronger 
action on frog spawn than the X-rays filtered with I mm, copper. 



Comparative Invest if atioiii on the Intensity of tlie Biologic 
Action of X-rays Filtered with 3 mm* Aliuninum and 1 mnii 
Copper 

Course of the Eo::periment — The spawn clump of a pair of rana 
escnlenta served as observation material. The eggs had so far devel- 
oped that the embryos had just assumed form within the membranes. 
(See Fig. 1, table HI.) 

This starting material was divided in lliree parts : Parts 1 and 
2 were each placed in glass troughs filled with pond waten These 
were arranged tiiiderneath the tube stand and radiated at the same 
time with a CooUdge tube. To part 1 X-rays filtered with 3 mm, alu- 
minum and to part 2 X-rays filtered with 1 mm. copper were applied. 
Part 3 was kept in a similar glass trough and protected from the rays 
during the duration of the radiation. The distance of the foci of 
both Coolidge tubes from the surface of the frog spa^Ti was chosen 
so that the intensity of both radiations, i.e., the time durations of 
radiation were as nearly alike as possible. The duration of the radia- 
tions was 71, respectively 64 minutes. 

After radiation the groups of spawn were reared in the usual 
manner. 

Extract from the observation journaL Day of radiation; June 
8th. 
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Days of observation: 

Jmim litk^— All the erobiyoa, radiated ftnd iioii-Tsdiated^ 1iaT« kfl tbm mmhiMH^ AH 
the eoDtrob ue alive. Mc»»t of the animaJa radiated with Xrajs iltered wttli 8 bub. 
alumimim and with 1 mm, copper aJreadj erlnce the characteristic dropsical 9wetUBga 
and the eurioiia retardatiAQB in development of the body. A difTerenee is obaembk in 
the radiated g70tip« in so far aa the radiation symptoma in the animals radiated with 
X-rayi filtered with 1 mm. copper are somewhat more pronounced, also a larger per cent 
of these groups has died. (Figs. 2, 3, 4, table IIL) 

June 16th — All controls are alive and of normal development. The animals radiated 
with X-rays filtered with I mm, copper show the characteristic disturbances of develop- 
naat mncb Biore pronounced than the animals radiated with X-rays filtered with 3 ranu 

June 18th — All of the oontrola are alive and show normal development An addi- 
tkntal number of animals radiated with X-ra js filtered with 1 mm. copper has succumbed 
with tevere symptoms of radiation sickness. Only one individual of the animals radiated 
with X-rays filtered with 3 mm. aluminum has died. In this group the retardations of 
development in the survivors are less marked than in thoae radiated with X-rays filtered 
with 1 mm. copper. 

June 22nd — All the controls are alire and of normal development. All the animals, 
eXiOept four, radiated with X-rays filtered with 1 mm, copper have died. The four sur- 
vivors show the characteristic radiation symptoms. Of group 2 no other animals have 
perished. The characteristic disturbances of development have not essentially progressed. 
(PigB. 6, 6, 7, table IIL) In the photographs also the greater transparency and the more 
ball-like form of the radiated larva is plainly recognizable. 

June 24tli — ^The controls are all alive and of normal development. All except one of 
the animals radiated with X-raj^B filtered with 1 mm. copper are dead. The animah 
radiated with X-rays filtered with 3 mm. aluminum do not evidence an caamtial progrtaa 
in the arrest of development. (Figs. 8, 9, 10, table III.) 

June 26th — ^The controls are all alive and of normal development. An additional 
animal of group 2 has succumbed. The survivors do not show a progresetve distorb&oce 
of dsivsloptDCfit in comparison to the findings of June 22nd. 

The observation was contiimed until August 1st, Characteristic 
flwellings and deformities were not seen in the surviving animals 
radiated with X-rays filtered with 3 mm* alnminmn. The only influ- 
ence of the radiation is recognized in the marked arrest of growth 
and the greater mortality in contradistinction to the controls. 



Control Experiment. 

Course of Experiment. — As observation material served the 
gpawn clump of a pair of rana esculenta, in which the eggs had 
progressed for far in development that the embryos already showed 
movements within the membranes. 

The dose applied was 80 e. The details of the experiment were 
exactly the same as those of the preceding experimnt. 

Extract from the observation journaL Day of radiation: June 
»ttu 

Days of observation: 

Jnm 14tli — All of the embrjos, radiated and non-radtated, have left tbe membranes. 
TM eoiitfol animals art? alive. All th« radiated animals show plaioly discernible vesicu- 
lar vweltlngs and arrest of development. Ilowever, a diHerence exists in so far as a 
|Eriti«f pur^niage of the animals ra<]iated with X-rays filtered with 1 mm. copper have 

/vM 16tli'*All tba controls are alive and show normal development. The animals 
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radiated with X rays filtered with 1 
development more plainly than those 

June t8th — All the controls are 
radiated with X-rays filtered with 1 
baa Bucctimbed, The 6unriving anima: 
to the controls, 

June 22Dd^ — All the controls are 
of group 2* except three, are dead, 
ijmptome except arrest of growth. 



mm, copper show the characteristic disturbaaeea of 
radiated with X-rays filtered with 3 mm« aluminum, 
living and of normal development All the animala 
mm. copper are dead^ while of group 2 only a part 
U show pronounced arrest of growth in comparison 



living and of normal development. All of the animals 
The survivors do not evince any other radiation 



In the following year the experiments were repeated with the 
same details with rana temporaria as well as with rana esculenta. 
These tests also revealed the same results. 

We conclude from the experiments that with like dose and iuith 
like intensity, measured with the alumimwi chamber, the X-rays fil- 
tered with 3 mm. alumifium have a weaker biologic action on frog 
spawn than X-rays filtered with 1 mm. copper. 

Comparative Investigations on the Intensity of the Biologic 
Action of Gaunma-Rays of Radium and Mesothorium 
Filtered with l.S mm. Brass Plus 5 mm. Celluloid and 
X-rays Filtered with 1 mm. Copper 

We repeat the following experiments from numerons similar in- 
vestigations. 

Course of the Experiment. — The spawn clnmp of a pair of rana 
escnlenta served as observation material. The eggs were so far de- 
veloped that the embryos just assumed form within the oval mem- 
branes. (Fig. 1, table IV.) 

From this starting material fifty eggs were radiated with X-rays 
and fifty with gamma-rays according to the details enmnerated in 
the preceding experiments- 
Part 1 was radiated with the radium cannon, which was mounted 
as previously described. The distance of the celluloid from the frog 
spawn was 2 cm* Part 2 was radiated with a CooUdge tube, which 
was placed at such a focus distance from the frog spawn that the 
same intensity would be secured and the time duration of the appli- 
cation would be the same in both series. Both radiations lasted thir- 
teen hours. The dose was 80 e. After the radiation the radiated 
frog eggs were reared in the usual manner. 

Extract from the observation journal Day of radiation : May 
31st 

Days of observation: 

June 4tb— The radiated and non-radiated embryoe bare left tBe mcinbranes. The 
controls are all alive and show normal development. <Fig. 2, table IV.) The animals 
radiated with gamma-rays evidence the character let ic symptoms of radiation aicknesa. 
(Fig. S, table lY.) The animals radiated with 1 mm. copper evidenee only slight changes, 
the blister formation is absent; in comparison to the controls a slight deformity of the 
Hrvgt IB noticeable in both radiated groups, (Fig. 4, table IV.) 

Jane 6th — Alt the animals radiated with gamma-rays have died. The controls and 
the animals radiated with X-rays filtered with 1 mm. copper are alive. 
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Of the animaLs radiated with X-rays a few show spasm-like mo- 
tions, otherwise no marked difference8 exist between these and the 
controls. (Fig* 3, table V.) 

The animals were kept under observation until the end of June. 
In the meantime the front and liind legs had developed. The radiated 
animals show a much more pronotmced pigmentation in comparison 
to the non-radiated animals* (Fig. 4, table VJ 

It is shotvn that rvith like dose measured with the aluminum cJiam- 
her the gammorrays of radium and 7nesothorium filtered with 1,5 
mm, brass plus 5 mm, celluloid applied to larv<e of rana temporaria 
of an advanced development, have a stronger biologic action tha^ the 
X-rays filtered tvith 1 mm. copper. 

Numerical Determination of the Dependence of the Intensity 
of the Biolosfic Action on the Hardness of the Rays; the 
Biologic Factor 

The experiments just recorded demonstrated that the biologic 
action of the various hardnesses of rays for the same dose measured 
with aluminum chambers is of varying intensity. It must be our 
endeavor to express this difference in the intensity of the action of 
the various kinds of radiations if possible numerically, i,e., to find the 
biologic factor of the difference in intensity of action of the various 
kinds of rays. 

The biologic factor means the numerical which indicates how 
much stronger one kind of ray acts biologically than another variety 
of ray with like dose. For the determination of this factor we will 
adopt as standard of comparison the X-rays filtered with 1 mm. cop* 
per on account of their excellent constancy* The frog larvae are well 
suited as test objects for this numerical determination, because their 
eensitiveness is relatively great. 

We do not need to determine the biologic factor between rays 
unfiltered and filtered with 1 mm. copper because appreciable differ- 
ences in the intensity of the biologic action on frog larvae between 
these two varieties of rays hardly exist* 

A difference just recognizable in the biologic action between X- 
rays filtered with 3 mm. aluminum and 1 mm* copper was observed. 
We will attempt to determine the biologic factor for these radiations. 



Determination of the Biologic Factor Between X-rays Filtered 
with 3 mm* Aliuniniim and with 1 mm« Copper 

We know from the experiments on the sensitiveness that the test 
object already reacts with a difference just recognizable in the in- 
tensity of the biologic action if a difference in the dose of 25 per cent 
exists. The biologic factor between X-rays filtered with 3 mm* 
aluminum and 1 mm. copper must be about 0.75. 
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same experiments were again nndertaken, observing the same de- 
tails of method. The results were analogous to those reported above. 

We conclude from all the experiments that with the same dose, 
measured with the aluminum chamber, the gammd-rays of meso- 
thorium and radium filtered with 1.5 mm, brass plus 5 mm. celluloid 
possess a very much stronger biologic action on the larvm of frogs 
than X-rays filtered with 1 mm, copper. 

It being the first time that such an explieitly stronger biologic 
action of the gamma-rays of radium and mesothorium in contradis- 
tinetion to X-rays filtered with 1 mm. copper, with like dose, meas- 
ured with the aluminum chamber, had been recognized, we thought 
it important to determine whether such differences would also ap- 
pear in frog larvse less sensitive on account of a more advanced 
stage of development. For this reason older larvaB were employed 
as radiation material in the following experiment. The larvae had 
escaped the membranes three days previously. 

From this material fifty larvsB were radiated with X-rays and 
fifty with gamma- rays in the manner above described, while fifty 
lan?^ served as controls. 

The time duration of radiation for the larvae rayed with X-rays 
filtered ^\'ith 1 mm. copper was three hours. In contradistinction to 
the preceding experiment in which we used the same dose and the 
same intensity we chose in this experiment the same dose but not the 
same intensity. 

To render the influence of the age of the frog larvae as negligible 
as possible on account of the long time duration of the radiation with 
the radium cannon in contrast to the relatively short duration of 
radiation with X-rays, the three hour radiation with the roengen tube 
was exactly placed in the middle of the time duration of radiation of 
thirteen and one-half hours with the radium cannon. The dose was 
about 83 e. 

Extract from the observation journaL Day of radiation: April 
19th to 20th. 

Days of observation: 

May 4th: The eontrola are alt alive and show normal development. 

The animals radiated with gamma-rays have remained considerably behind in growth 
in contrast to the animala radiated with Xrajs. The latter, however, show arrest of 
growth in comparison to the controls, though not so marked aa in the other group of 
radiated animals. (Fig. 1^ table V.) The latter show a decreaned appetite for food and 
execute peculiar spasmlike movements when touching the glass bowl. Both groups of 
radiated animals are less sensitive to blows against the glaaa walls than the controls. 

May Hth: The controls are all alive and of normal development. 

The animals radiated with gamma-ravB evidence still more pronounced retardations 
of growth and characteristic spasmlike movements. They are beginning to die. The 
animals radiated with X-rays have remained somewhat behind in growth in comparison 
to the controls, but It seems as if the dilTerences in size tend to become equalized. { Fig. 2, 
table V.) 

May 1 8th; Of the animals radiated with gamma-rays, all except two have died. 
These evince quite marked arrest of growth in comparison to the controls. 
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temporaria, and in June at the spawning time of rana escnlenta, the 
umo experiments were repeated with the same details as a control. 
These also revealed without exception the same results* 



Determination of the Biologic Factor Between Gamma-rays of 
Radium and Mesothorium Filtered with 1.5 mm. Brass 
Plus 5 nun. Celluloid and X-rays Filtered with 1 mm« 
Copper 

The preceding experiments had already demonstrated that the 
biologic action of gamma-rays was considerably stronger than that 
of X-rays filtered with 1 mm. copper. Therefore we proceeded in 
the determination of the biologic factor so that the dose of gamma- 
rays of mesothorium and radium^ filtered with 1*5 mm, brass plus 
5 nun. celluloid was 80 e, and that of the X-rays filtered with I mm, 
copper w^as progressively SO e, 160 e and 240 e. 

If we had maintnined the same intensity of the rays in these ex- 
periments as in the preceding ones, the differences in the time dura- 
tions to obtain the doses mentioned for the various groups would 
have become quite great. Since the intensity of the symptoms is 
strongly influenced by the stage of development of the larvae, we 
had to dispense with the same intensity in these experiments. We 
ohose the time duration of radiation with the X-rays so that it con- 
oar red as closely as possible with the radiation of radium and meso- 
thorium. The influence of Urn difference in intensity is of such slight 
importance on the intensity of tlie biologic action, that it may be 
dinrogarilod. This point will be proven in a later chapter. The dura- 
tion of riuliation with radium and mesothorium to apply a dose of 
81* e anH>unts to thirteen hours. Within this time the various doses 
of X-rays could bo applied* 

Course of the experiment : Day of radiation June 20th- 

Daps of ohservntion: 

Jiiiw «4tht Th« UrTp hiive left the membr&neo. 

Th* mnjarity of the ftnimals radliited with gunma-rays evidence ilie characteristic 
iyiDf tnitifi of the radUtinn diseaae, 

1Ur" llihUiifjH ill Uw aitimnl« rayed with X-raya are as foUowa: 

Only a lew of the animals radiat<«d at the beginning of the radiations with 80 e show 
tttllfllifloiuii ▼taleulnr swellings, the others did not remain behind in development in 
•omparlion to the controla. 

Almoiiit all tho animals radiated with a dose of 160 e show distinct retardation in 
prowth in otnnparisnn to the controls; on the other hand, no symptoms of radiation 
4lMaie worth mentioning are present 

The animala radiated with 240 e show distinctly the characteriattc symptoms of the 
ri4l&tloa disease as dropsy and deformities in about the same degree as the animaU 
radimttd with gammnrays. 

An additional g^tjup of animals serving also as controls and radiated with 80 e at 
tho terminatton of the radiation show the same findings aa the animals radiated with 
80 e at the lieginning of the radiation. 

Of the* fifty animals radiated with gamma-rays, twenty-four died with the character- 
Ittle symptoms of the radiation disease. 

The an i main radiated with X-rays show the following casualties t 
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Of the animals radiate with 240 e, fifteen succumbed with the characteristic eymp- 
toma of the radiation disease. 

Of the animals radiated with 160e, eight died. These and the Burriving animals 
show the characteristic symptoms of the radiation disease. However, they- did not remain 
behind in growth to the same degree as the animala radiated with gamma-rays and with 
240 e X-rays, 

The animals radiated with 80 e at the beginning and termination of the radiation do 
not show any differences among themaelves. Both groups evince slight retardations in 
growth, but hardly any symptoms of the radiation disease. Of the animals radiated with 
80e at the beginning of the experiment, three are dead; of those radiated at the conclu- 
sion of the experiment, four are dead. 

July 2nd: All the animals radiated with gamma-rays are dead. 

The findings in the groups radiated with X-rays are as follows: 

Those radiated with 80 e at the beginniDg of the experiment are all dead* Of those 
radiated with 80 e at the end of the experiment, one died. The survivors show marked 
arrest of growth in comparison to the controls* 

The animals radiated with 160 e and 240 e have all died except one. They have 
perceptibly remained behind in growth in comparison to the controls, 

July 5th: The surviving animal radiated with 160 e is dead. 

Of the animals radiated with 80 e at the end of the radiation, six have died. The 
BurvivorB evince stiU more distinctly the retardation in growth in comparison to the 
controls. 

July 7th: Of the animals radiated with 80 e at the end of the radiation, an additional 
seven have died. The controls are all alive. The findings are otherwise the same as on 
July 5th. 

July 10th: The survivors of the animals radiated with 80 e are alive, but show 
pronounced retarda^tion in growth in comparison to the controls, which are all living. 



From this and two additional experiments with the same results 
it follows, that the biologic facior, determined with the aluminum 
chamber, between gamma-rays of radium and mesothorium filtered 
with 1.5 mm. brass plus 5 mm, celluloid and X-rays filtered toith 1 
mm, copper is at least 3, 

To determiiie the biologic factor still more exactly, additional 
experiments were arranged so that the quadruple dose of X-rays in 
comparison with the single dose of gamma-rays was applied. 

The time duration of the radiation with radinm and mesothorium 
was thirteen hours, that of the X-rays amounted to the same time. 
The details of the experrnieut were otherwise the same as in the 
preceding ones. The doses applied were 80 e and 4 x 80 e. 

Extract from the observation journai. Day of radiation: July 
3rd. 

The embryos have just assumed form within the membranes and 
execute voluntary movements. (Fig* 1, table VIL) 

Days of observation: 

July 5th: The larvae hnvp nil left the membranes^ The controls arc alive and of 
normal development. 

Of the animals radiatt'd with 320 e X-rays, one has died; of those radiated with 80 e 
gamma^rays» also one« The animals of these groups have remained behind in growth 
in oompartson to the controls; they already evidence the first symptoms of the radiation 
diieaae. A difference in the degree of the disease symptoms cannot be determined, ( Fig. 
2, table VII,) 

July 7th : The controls are all alive and of normal development. 

None of the animals radiated with 320 e X-rays succumbed. All of the animals 
radiated evince characteristic disease symptoms. The animals radiated with 320 e X-rays 
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have remained less behind in growth than thoee radiated with SOe gmmma-raya. (Fig. 
3, table VII.) 

July 8th: The symptoms of the radiation disease are very strongly pronounced in 
the radiated animals of both groups. 

July 9th: All the animals radiated with gamma-rays are dead; twenty-eight of those 
radiated with X-rays are still alive. 

July 10th: All of the animals radiated with X-rays except three succumbed. The 
controls are all alive and have continued to develop normally. (Fig. 4, table VII.) 

The biologic factor, determined with the aluminum chamber, be- 
tween gamma-rays of radium and mesothorium filtered with 1.5 mm. 
brass plus 5 mm. celluloid and the X-rays filtered with 1 mm. copper 
must be placed between 3 and 4 based on these experiments. 

The same experiments with the same details were repeated as 
controls during March of the following year; they also revealed, 
without exception, the same results. 



Investigations Concerning the Dependence of 

the Intensity of the Biologic Action on the 

Hardness of the Rays in Human Tissues 

We had convinced ourselves by experimental tests in animal or- 
ganisms of a low order — the frog spawn of rana esculenta and rana 
temporaria — that definite laws for the biologic action of the various 
hardnesses or qualities of rays can be formed* We then investigated 
whether these laws on the biologic influence of the various hard- 
nesses of rays may be applied to human tissue. 

We bad an opportunity to instigate observations on three kinds 
of tissues: 

a. The human skin, 

b. Carcinomata, 

c. The human ovary. 

In all therapeutic applications to deep-seated carcinomata we are 
of necessity compelled to apply to the skin above them such a dose 
that symptoms of irritation in the sMn ensues, 

These irritations are expressed in characteristic changes, the so- 
called erythema formation, which appear in varying intensities from 
the simple browning of the skin to reddish discoloration and ery- 
thema. We may use these variously intense irritation symptoms of 
the skin as tests, similar as in the frog spawn, to form an opinion of 
the various biologic actions of the different hard rays investigated 
in the previous chapter. 

We naturally could use only such observations of therapeutic 
radiations in which all the requirements were fulfilled which we 
must place upon comparative biologic observations. These are as 
follows : 

1* The observations must be made on one and the same person if 
possible. 

2. The radiations with the various hard rays must be applied 
at the same time. 

3. The radiated skin surfaces must be of the same size and must 
not pass below a certain minimTim size. 

4 The radiated skin surfaces must be confined to homogeneous 
regions of the body. Comparative observations on the action of 
various kinds of rays on the skin, for instance abdomen and back, 
can only be used with reservations on account of the different be- 
havior to rays of these topically different regions of the skin. 
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Observattans on the Sensitiireneis of tlie Human Skin to the 
Action of Filtered X-rays 

It is only then possible to confirm the laws in reference to the 
skin if it is apparent that the skin is sufficiently sensitive, that is, 
that it reacts differently to a sufficiently small difference of dose. 

In order to apply to a deep-seated cancer a lethal dose, it is neces- 
sary to subject the skin to the limit of tolerance, especially in in- 
dividuals suffering from gastric cancer which is influenced with dif- 
ficulty. The radiation was carried out so that we might obtain an 
idea of the sensitiveness of the skin of these patients by applying 
various sized doses to the different fields of skin* It is often required 
in order to influence cancer to ray the skin so intensively that it 
answers with an erythema. 

The fields thus radiated may then also serve for the observation 
on the determination of the sensitiveness of the skin. 

In a patient suffering from an inoperable cancer of the stomach 
two fields of a size of 6 by 8 cm, w-ere symmetrically placed above the 
umbilicus and surrounded by heavy lead sheets. The space between 
the fields was 2 em. The fields were rayed on the same day with the 
same Coolidge tube, a focus skin distance of 50 cul and a filter of 10 
mm. aluminum. The measuring chamber of the iontoquantimeter 
was placed so that about one-half of it was pressed into the sMn. 

The dose of the field a amounted to 145 e ; of field 6, to 185 e. 



Field a 

Day of radiatian. Oct. 9, 1910. 
Daifs of ohservotion : 

Nov. 14, 1916. A Teiy light reddening is 
eeen. (Fig. 1, table VIL) 

Dec, 9} 1016. Er^lhema gone. 



Field h 

Day of radiation, Oct. 9, 1916* 

Days of observation: 

Nov. 14, 19 Id. A plainly visible red diJ- 
coloration and formation of minutest vesi- 
clcB IB seen over the entire field. 

Deo. 9, 1916. Light brofmieli diacoloration 
of skin. 



From these arid similar ohservations we may state that the human 
shin possesses a sensitivensss to filtered X-rays which shows a 
marked difference in the intensity of the biologic action with a dif- 
ference in the size of dose of about 25 per cent. 

Since the sensitiveness of the human skin is the same as the 
sensitiveness of the frog spawn in its early state, the same laws 
seen in the frog larvae may be observed in the human skin, if 
analogous areas of the skin are used. 

Comparative Obflervations on the Intensity of the Biologic 
Action of X-Rays Filtered with 3 mm- Aluminym and 1 
mm. Copper on the Skin 

To determine the difference in the degree of the biologic action on 
the skin of X-rays filtered ^th 1 mm. copper and X-rays filtered 
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with 1 mm. alummuiQ we performed many observations. We will 
repeat only a few of the observations characterized by differently 
intense erythemata. 

Observation 1, Case S. Two fields of a patient with inoperable 
intestinal cancer were radiated. Each field was of the size of 6 by 8 
cm. The skin surrounding the fields was protected with lead plates 
of a thickness of 3 mm. Field 1 was located in the center in the 
median line 2 cm. beneath the umbilicus. Field 2 also was located in 
the center two fingers width above the umbilicus. The fields were 
radiated on two succeeding days with the same Coolidge tube and 
the same inductor with gas interrupter. 

The aluminum chamber of the dosimeter was so pressed into the 
skin that the middle was even with the skin surface. The dose ap- 
plied to each field was 167 e. The X-rays applied to field 1 were fil- 
tered with 1 mm. copper, those to field 2 with 3 mm. aluminuuL The 
focus skin distance was selected so that the time duration of the 
application of the dose was about the same. 



Extract from the observation journal. 



Field 1. Radiated with 1 mm, copper. 
Day of raduition: July 23, '15, from 4:10 

P.M. to 7 P.M. 
Day 9 of obaervation: 
Sept, 6, '15. An erythema of the ekia tUf 

the field 19 just visible. 
6ept. 15, '15. Erythema distinctly marked 

in form of a pronouBced reddening of skin« 

(Fig. 1, Uble IX.) 
Sept, 20, *16. Erythema somewhat paler 

than on Sept, 15. No formation of 

bliiterB. 
Sept. 27, '15. Erythema now brownish red, 

without veeicles. (Fig. ^, table IX) 



Field 2. Eadlated with 3 mm. alumionm. 
Day af radiation: July 24, '15, from 10:20 

A.M. to 12 noon. 
Dajfg of obMervaiion: 
Sept. 0, '15. An erythema is nowhere to be 

Been. 
Sept. 15. '15. A slight erythema in form of 

BpotB just beginning to appear, (Fig. 2, 

table DC.) 
Sept. 20, '15. Erythema slightly stronger 

than on Sept. 15. 

Sept. 27, '15. Erythema already fading. 
(Fig. 4, table IX.) 



From this observation we see that with the same dose and the 
same intensity the X-rays filtered with 1 mm. copper have a some- 
what stronger biologic action on the skin than the X-rays filtered 
with 3 mm. aluminum. 

Observation 2. Case D. The course of the observation adhered 
closely to the one in Case 1. The dose, also, applied with the same 
instrument, was the same. 



Extract from the observation journat 



Field 1. Hadiation with 1 mm. copper « 
165 e. 

Day of mdiation: Sept. 20, *15. 

Days of observation: 

Oct. 23, '15. A light reddening begins to 
appear. 

Oct, 30, '15. Distinctly confluent red- 
dening. 



Field 2. Radiation with 3 mm. alumimmiy 

165 e. 
Day of radiation: Sept 20, '15, 
Days of observation: 
Oct. 23, '15. A light follicular reddening 

begins to appear. 
Oct 30, '16. Slightest follicular reddening. 
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Nov. 6, '15, Uniform and liglit erythema. 

(Fig, 1, table X) 
Nov, 13, *16. No change in findiuga of 

Nov. 5. 

Nov. 17, *16, The reddening, which is very 
light, turns brownish. { Fig. 3, table X, ) 

Nov, 2Q, '15. Erythema has disappeared. 
Skin is almost normal. 



Nov. 5, *15, General follicular and distinct- 
ly eon^uent reddening. ( Fig. 2» table X.) 

Nov. 13, '15, A alight confluent erythema 
of first degree, perhaps somewhat more 
intense than in Field 1. 

Nov. 17, M5» Very light erythema, hardly 
of a first degree, fading to brown. ( Fig. 
4, Uble X.) 

Nov. 26, '15. Erythema it gone, skin is 
almost normal. 



The result of this observation is that tvith the same dose and the 
same intensity the X-rays filtered with 1 ninu copper have almost 
the same biologic action on the skin as those filtered ivith 3 mm. 
ahiminum. 

Observation 3. The course of the observation was kept closely 
adherent to the preceding ones. The dose was a higher one being 
240 e. 

Extract from the observation journaL 

Case S. 



Field 1. Radiation with X-rays filtered 

with I mm. oopper. 
Datf of radmtion: Sept. 11. '15. 
Buys of observation: 
Oct 16, *15. Beginning distinct browning 

of the radiation field. 
Oct. 20, *15. The brown changes somewhat 

to red. 
Oct. 25, '15. Tlie erythema turns a bluish 

red tint. (Fig. 1, table XL) 
Oct. 30, '15. The erythema commences to 

fade, the skin turns brown. No formation 

of blisters. 
Nov. fi, '16. Further fading of the brown- 
ing. No lose of epithelium. 
Nov. 13j '16. Very alight seating of the 

skin, 

Kov. 17, *15. The l&mellse have been shed- 
ded, a new normal skin appears which 
etill look* delicate. (Fig. 3, table XI.) 

Nov. 2S, '15. The radiated skin ia still 
lightly tanned. No fornmtioii of scars. 
Erythema has disappeared. 



Field 2* Radiation with X-rays filtered 

with 3 mm. aluminum. 
Bay of radiation: Sept. 10, '15, 
Daps of obscrvatton: 
Oct. 16, '15. Beginning distinct erythema 

of a more reddish tint than in Field 1. 
Oct. 20» '15. The reddening has somewhat 

increased. 
Oct. 25, 'Id. The erythema asaumea a blu- 
ish red tint. (Fig. 2, table XL) 
Oct. 30, '15, The reddish discoloration has 

remained somewhat longer than in 

Field 1, 
Nov. 6, n5. Marked destiuamation of skin 

without formation of blisters. 
Nov. 13, '15. After completion of deB<|Uft* 

mationi a new^ somewhat delicate^ skio 

appears. 
Nov. 17, '15. Same findings as on Nov, IS, 

(Fig. 4. table XI.) 

Nov. 28, '15. No formation of scars. Slight 
tiuuiing of akin; erythema has disap- 
peared. 



It follows from this observation that the result is the same as in 
the previous observation. 

From the three observations we eonclnde : 

With like dose and like intensity, measured ivith the aluminum 
chamber, the X-rays filtered with 3 mni. aluminum have a somewhat 
weaker biologic action Qn the skin than X-rays filtered with 1 mm. 
copper. This result, therefore, corresponds absolutely to the obser- 
vations made in animal organisms. 

These observations together with the observations on the sensi- 
tiveness of the skin enables us to determine the biologic factor. We 
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saw from the observation on the sensitiveness that mth an increase 
of the dose of 25 per cent distinct differences in the symptoms of 
irritation of the skin already appeared* In these last experiments 
the signs are just noticeable. Consequently the biologic factor is 
not smaller than J5. 



ComparatiYe Obiervaiions on the Inteiuity of the Biologic 
Action on Ganuna-Rays of Radium and Metothoriunv Fil- 
ter with L5 mm. BraM Plus 5 mm. Celluloid^ and X-Rays 
Filtered with 1 mm« Copper on the Skin 

It is quite natural that in the cases therapeutically treated we 
have not any in which we could make observations in one and the 
same patient at the same time about the difference in the intensity 
of the biologic action of ganmia-rays and X-rays filtered with 1 nnn. 
copper. For a combined radiation upon the abdominal stdn with 
ganama and X-rays we could not execute on account of uncontrollable 
and contrary facts* For instance, if we should choose two fields on 
the abdominal skin and radiate one field with gamma-rays and the 
other with X-rays, it would be impossible to protect the other field 
from the gamma-rays. The field reserved for the X-radiation would 
also receive a dose of gamma-rays as it would be impossible to suf- 
ficiently protect this field from the very penetrating gamma-rays. 
However, the field reserved for the gantLma radiation may be effec- 
tually protected from the X-rays. 

The first demand which we placed on comparative observations, 
namely that they must be carried on at the same time in one and the 
same individual, can therefore not be fulfiEed. As we had at dis- 
posal a great number of observations in which an erythema could 
just be obtaioed with a definite dose of gamma radiations as well as 
of X-rays, we are enabled, from the comparison of the doses nec- 
essary for these results, to draw conclusions about the intensity of 
the biologic action upon the skin. The individual error becomes so 
strongly minimized by the large series of such observations, that it 
may be neglected, the more so as it became certain with the various 
kinds of hardnesses of rays used that the erythema dose in different 
individuals does not essentially vary. We must leave out of consider- 
ation a few cases which lie without the limits of these observations 
on account of their increased roentgen sensitiveness* 

Of the cases treated with X-rays filtered with 1 mm. copper an 
erythema rarely appeared with a single dose below 165 e ; with a dose 
of 165 e a light erythema, characterized by a slight, rapidly disap- 
pearing reddening with subsequent tanning, appeared in about 30 
per cent ; with a dose of 185 e a light erjihema appeared in most of 
the cases ; with a dose of 210 e an erythema of the second degree 
with desquamation of the skin, and in many cases formation of 
vesicles occurred in all the cases. 
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When radiating with gamma-rays of radimn and mesothorium by 
means of the radium cannon above described, which was always pre- 
pared in the same manner with our preparations, experience ob- 
tained from our therapeutic radiations has taught us that a light 
erythema appeared in GO per cent of the cases with an application 
lasting ten hours, and in 80 per cent of cases with an application last- 
ing twelve hours. The dose, thus applied to the skin, was 58 e respec- 
tively 70 e. 

If we arrange the doses opposite each other with which about the 
same irritation of the skin appeared when radiating with gamma- 
rays or with X-rays filtered with 1 mm. copper, it appears that the 
biologic action of the ganmia-rays surpasses that of the X-rays fil- 
tered with 1 mm. copper. The ratio of the doses necessary for the 
production of the skin irritations give us at the same time the numer- 
ical size of the biologic factor, 60 e of the dose of the gamma-rays 
correspond to about 180 e of X-rays filtered with 1 mm. copper and 
both result in the same biologic action of the skin. We conclude : 

With same dose, measured with the aluminum chamber, the gam- 
ma-rays of radium and mesothorium filtered with 1.5 mm, brass plus 
5 mm, celluloidf have an essentially stronger biologic action on the 
skin than X-rays filtered tvith 1 mm. copper. The biologic factor 
amounts almost to 3. 

Having thus seen that the laws on the intensity of the biologic 
action of the various hard rays on the human skin may be established 
analogously to those on the frog, we attempted to prove whether 
these laws also may be applied to superficially located carcinomata* 



Comparative Observatiotii on the Intensity of the Biologic 
Action of X-rays Filtered with 3 mm« Aluminum and 1 mm. 
Copper on Surface Carcinomata 

The requirements which we must place on comparative biologic 
observations to render them free of any objections, can be unfor- 
tunately fulfilled only to a sraaU degree in these observations. In 
spite of this we endeavored to render the sources of error as small 
as possible by (1) making the observations on two carcinomatous 
Bodules in one and the same person; (2) by applying the radiation 
with rays of different hardnesses and at the same time; and (3) by 
choosing earcinoma nodules and surrounding skin surfaces of as even 
a size as possible. 

Course of the Observation. — The observation was made in a pa- 
tient who suffered from an inoperable cancer of the right breast^ 
which had caused numerous metastases in the glands and subepithe- 
lial metastatic skin nodules on the sternum of the left breast. Two of 
these metastic knots of the size of a walnut that had formed on and 
beneath the skin of the left breast were selected for radiation. Figs. 
1 and 2, table XII, show these nodes in natural size. One of these 
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nodes a lying nearest to the sternum was radiated with X-rays fil- 
tered with 1 mm. copper, the other node b was radiated with X-rays 
filtered mth 3 mm. almninum. The almninmn chamber of the dosi- 
meter was pressed doA^Ti into the skin so that the middle longitudinal 
plane was even with the plane of the skin. The dose applied to each 
field was 165 e. 

Extract from the observation journuL 

The node a (Fig. 1, table XTI) was radiated witliiii a field the !*i^ of 7x7 cm. 

Beginning of radiation: July 22, 1915, at 10:25 AM, Termination at 12:50 F.M. 

Dajf of ohserpation: Sept. 15, 1921. The node a haa disappeared to the senaea of 
Sight and touch, (Fig. 3. table XII.) 

The node b (Fig. 2, table XII) wa^ radiated \*ithin a field the size of 7 x 7 cm. 

Beginning of radiation: July 22, 1915, at 3:50 P3I. Termination at 5:10 P,M. 

Day of ohaervaiion: Sept. 15, 1915. The node 5 haa disappeared to the sense of 
sight. On palpation an infiltration the size of a hazelnut is felt. (Fig. 4» table XII.) 

From this observation it follows that with like dose and like in- 
tensity, nieasnred with the aluminnm chamber, the X-rays filtered 
with 1 mm, copper have the same intensity of biologic action as 
X-rays filtered with 3 miiL almninmn as evidenced by a resorption 
of the cancer nodes which were located superficially. 

We do not possess any additional observations, for the reason 
that X-rays filtered with 3 nmi. alnminum are not well adapted for 
a imifonnly penetrating radiation of cancer nodes on account of 
their relative softness. 



Comparative Observations on the Intensity of the Biologic 
Action of Gamma-rays of Radium and Mesothorium Fil* 
tered with 1.5 mm* Brass Plus 5 mm. Celluloid and X-rays 
Filtered with 1 mm. Copper on Carcinomatous Nodules 
of the Breast 

We have only one case of bOateral carcinoma of the breast that 
can be applied to this observation. 

Case E, Extract from the history: 

Left hreaat: Mammilla inverted, firmly ad* ^ Right breaaf: Hanging down* contama » 



movable tumor the size of two pluma in 
the right upper quadrant, axillary and 
aupraclaTicular spaces are free. 



herent to a 0at tumor of a diameter of 
5 cm., which is fixed to the pectoralis 
moaele. The axillary space is filled with 
ahout ten palpable glands the size of a 
cherry. Deeper located glands are not 
palpable; supraclavicular space is free. 

An excision of tissne for microscopic examination from both 
breasts was made. Report from the pathologic institute Freibnrg 
reads carcinoma. 

Day of radiation: Sept. 28. lt>15. Day of radiation: Sept 30, 1916. 

Le/t 6r<'YMf: The breast was rayed with the Right brta€t: Radiation with X-raya fil- 
radium cannon^ arranged in the maimer tered with 1 mm. copper^ focus skin dis- 
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previouelj described. Tbe radiation laated 
thirteen houre; the doee applied was 76 c. 

Dee. 8, 191$. Mammilk. retraoted. A freely 
mova^ble tumors the size of a nursing in- 
fant's fist, is palpable. Supraclavicular 
space is free. Six nodes about the size of 
a pea can be felt in the axillary apa^. 

Bee. 15, 1915. Second radiation with the 
radium cannon. Application made in the 
same majiner as before for thirteen hours. 
Tbe dose is 76 e, 

Feb. 15, WW, The retraction of the nipple 
baa lessened. The tumor cannot be pal- 
pated any more. Mamma freely movable 
upon the underlying tiseues. The glandu- 
lar nodes of the same hardness and tbe 
size of a pea are still palpable. 

Aug. 2, 1016. Examination sbows the same 
findings as Feb. 15. The glands in tbe 
axilla have disappeared. 



taiice 30 cm*, size of field 14 x 14~ 
Tbe dose applied was IdO e. 
Bee 8, 1915. The tumor has receded to the 
size of a cherry. 



Dec. 11, 1915. Eadiation with X-rays fil- 
tered with 1 mm. copper from a Coolidge 
tube, focus skin distance &0 cm., size of 
field 16 X 26 cm. Dose is 155 e. 

Feb, 15, 1915. The growth, which at the 
laat examination was the size of a cherry, 
is now palpable as an iudeflnite infiltra- 
tion; it is no longer sharply circum- 
scribed. Axillary and supraclavicular 
spaces are free. 

Aug. 2 J 1910. Same findings as on Feb. 15« 
1916. 



From these ohservattons we deduce that an essentially smaller 
dose measured with the aluminum chamber of gammn-rays of radium 
and mesothorium filtered with 1.5 7nm. brass and 5 mm. celluloid is 
necessary than with X-rays filtered with 1 mm. copper to cav^e an 
essential resorption of a cancer node so it cannot any more be 
palpated. 

Additional observations of the same character made on one and 
the same person are not at our disposal, because it is rare to observe 
two cancer nodes of the same size in both breasts. However, we may 
draw upon a large number of clinical observations, in which we have 
used in one series of patients gamma-rays, in the other series X-rays 
for the resorption of cancer nodes in the breast. 



RadMion rcith gamma-roya of radium and 
meaothorium fiUerfd with 1.6 mm. mdium 
plus 5 mm. eeUuloid, &y means of the 
rudium cannon. 

Case L l^lrs. Q., 53 years old. Tumor of 
the right breaat» juet above the nipple, 
with broad base, aize of a hen^s egg. 
(Fig. 1, table Xtll.} Hletologic diagno- 
Bia of tbe pathological institute of Frei- 
burg ia carcinoma. Axillary and supra- 
clavicular spaces are free. 



Day of firgi radiatu>n: Feb. 9, 1916. Dura- 
tion, 12 hours. Dose applied, 70 e. 

March 6, 1915. The tumor in reduced to 
about one-tbird the fortner size. General 
health good. Glands are not palpable. 

Second radiation: March 21, 1915. Dura- 
tion, 12 hours. Dose applied, 70 e. 



Radiation u^ith X*ray§ filtered v>ith 1 mm. 

copper. 



CoMe 2. Mrs. P., 48 years old. Clinical 
diagnosis: Carcinoma mammse dextrie. 
Tumor size of a small flst, with broad 
base, but still movable. Extensive ulcer- 
ations on tbe surface, (Fig. 4, table 
Xin.) Two nodes, size of a walnut, are 
felt in the axillary region. Supraclavicu* 
lar region is free. Histologic diagnosis of 
the pathological institute of Freiburg is 
carcinoma. 

Daif of first radiation: Aug. 17, 1915. Fo- 
cus skin distance, 60 cm.; sine of field* 
20 X 20 cm. Dose, 165 e. 

Sept. 20, 1916, Tumor reduced by one-half 
and encrusted on tbe surface. (Fig. 6, 
table XiriJ 

Second radiation: Nov. 22, 1915. Focus 
skin distance, 60 cm, 6ijEe of field, 20 x 
20 cm. Dose applied, 180 e. 
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April 24, 1915. Tumor is now the size of 
an aimond and hftB crust formation. ( Fig. 
2, Uble Xm.) 

Third radiation: May II, li)lS. Duration^ 
la hotm. Do6e» 76 e. 

July 7, 1915. The tuiQor hM been reduced 
to the size of & hazelnut and is cicatrized, 
r Fig. 3. Uble XIII.) Axillary and supra 
clavicular spaces are free. 



Case 3. Mrs. G., 52 years old. Carcinoma 
mamma sinistra. A tumor, size of a wal- 
nutf movable^ is found abore the left nip- 
ple. The mammilla is retracted. Glands 
cannot be palpated in the axillary and 
supraclavicular regions. Excision of tis- 
sue for examination. Histologic diagnosis 
of the pathologic institute of Freiburg is 
carcinoma. 

Day of first radiation: Feb. 15, 1015. Dura- 
tion of radiation, 12 hours. Dose applied ^ 
70 e. 

March 20, 1915* The skin shows in the cen- 
ter of the radiated Held a light follicular 
reddening. The tumor has become easen- 
tially smaller. General health is good. 

Second radiation: March 21, 1915. Dura- 
tion of radiation, 12 hours. Dose, 70 e. 

April 26, 1915. Tumor hat disappeared. 
Erythema almost healed. Supraclavicu- 
lar and axillary regions free. 

Get* 10, 1916. Same findings as April 20, 
1915. 

Cose 5. Mrs. Sch., 42 years old. A tumor, 
the size of a ben's egg; hard, movable, 
sharply defined, formed in the right breast 
near the nipple. Axillary and supracla- 
vicular Kpaces are free. Examination of 
excised tissue reveals carcinoma. 

Day of first radiation: Feb. 25, 1915* Dura- 
tion of radiation, 12 hours* Do«e, 70 e. 

March 18, 1915. Tumor has disappeared 
completely. SIcin is slightly reddened. 
Patient cannot state when the redness 
appeared. 

Second radiation: March IB, 1915. Dura* 
tion^ 12 hours. Dose, 70 e. 

April 2(S, ini5. No erythema. Tumor not 
any more palpable. Axillary and supra^ 
clavicular spaces free. 

Case 7. Mrs. E., 48 years old. Carcinoma 
mammis sinistra. The left nipple is some- 
what retracted. A tumor, about the size 
of a hen*8 ^g, freely movable* is felt un- 
derneath the nipple. Surface is Irregular. 
Supraclavicular and axillary regions are 



Feb. 4, 1916. Tumor has been reduced to a 
cortical induration the size of a nickel; 
the rest is covered with new, tender skin. 

Third radiation: Feb* 3, 1916. Focus skin 
distance, 40 em. ; size of field, 20 x 20 cm. 
Dose applied, 135 e. 

May 4, 1916. The crust has fallen off. 
New regenerated skin is found in place of 
the cancer. It is of a clear white. ( Fig* 
e, table xm.) 

8ept. 4, 1016. Same findings as on May 
4th, only the skin has become somewhat 
harder. 

Case 4* Mrs. D., 69 years old. A hard 
tumor, size of a child's fiat, is felt In the 
outer half of the left breast. Axillary 
and supraclavicular spaces are free. Ex- 
cision of tissue for examination. His- 
tologic diagnosis by pathologic institute 
of Freiburg, carcinoma. 



Day of first radiation: Feb, 24, 1916. Focus 
skin distance, 50 cm. ; size of field, 20 x 20 
cm. Dose, 160 e. 

April 27, 1916. Tumor cannot be palpated 
any more; skin tanned; no erythema. 



Second radiation: April 27, 1916. Focua 
skin distance, 50 cm. Siz€ of field, 20 x 20 
cm* Dose, 165 e. 

Sept. 13, 1916. General health good. Ax- 
illary and supraclavicular regions are 
free. A small area of induration can still 
be felU 



Case 6. Mrs* M*, 47 years old. Carcinoma 
mammis dextr®. A tumor, size of a hen's 
egg, movable, formed in right breast. 
Axillary and supraclavicular regions are 
free* Histologic examination of ezcised 
piece of tissue reveals carcinoma. 

Day of radiation: May 7, 1916. Focus skin 
distance. 50 cm. Size of field, 20 x 20 cm. 
Dose, 165 e. 

Aug. 12, 1916. Tumor has completely dis- 
appeared. Axilla and supraclaTicular 
space are free. 



Cose 8, Miss D., 51 years old. Carcinoma 
mamm« dextrse;. Several nodes, varying 
in size from a pea to a plum, are found 
in the upper half of the breast. Excision 
of tissue for histologic examination re- 
veab carcinoma. 
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free. Histologic examination of excised 
tissue reveals carcinoma. 
Day of radiation: May 5, 1915. Duration 
of radiation, 12 hours. Dose, 70 e. 

April ft, 1&15. Erythema of first degree 
next to the nipple, sisie of a small dish- 
plate. No scaling of skin. Tumor cannot 
be palpated any more. Supraclavicular 
and axillary regions free. 

Cct€ 9. Miss D., 50 years old. Carcinoma 
mamma* dextra;. Tumor, 8i/.e of a walnut, 
palpable in lateral half of right breast. 
It is freely movable. Axillary and supra- 
clavicular regions are free. Histologic ex- 
amination of excised tissue reveals carci- 
noma. 

Day of first radiation: April 14, IftlS, Du- 
ration of radiation, 12 hours. Dose, 70 e. 

June 5, 1910. Slight erythemaj appearing 
five weeks after radiation. Tumor re- 
duced one- third. Axillary and supracla- 
Tioular regions are free. 

Second radiation: June 5, 1915. Duration, 
thirteen hours. Dose, 76 e. 

July 30, 1915. Tumor has completely dis- 
appeared. 

Aug. 22, 1916. General health good. Tumor 
gone; axillary and supra'Clavicnlar re- 
gions free. 

Vote 11, Miss M., 62 years o!d. Carci- 
noma mammtE sinistrie, A firm indura- 
tion, size of a 50-cent piece, freely mova- 
ble, located to the left and above the nip- 
ple in the left breast. Axillary space is 
free. A gland, size of a haxelnnt, palpa- 
ble in supra -clavicular region. Ilistolo- 
gic examination of excised tisane reveaU 
carcinoma. 

Bay of first radiation; June 20, 1915. Du* 
ration of radiation, twelve hours. Do»e^ 
70 e. 

July 9, 1915. Erythema of first degree of 
a diameter of 10 cm. at the inner half of 
breast. Tumor is somewhat smaller. No 
pain on pressure. 

Second radiation: July 27, 1915, Duration 
of radiation, thirteen hours. Dose, 76 e. 

Sept. 20, 11^15. An indurated area^ size of 
a quarter, felt above the nipple in left 
breast. It is not sensitive to pressure. 
The upper layer of the skin waa blistered, 
but has healed In the meantime. 

Third radiation: Sept. 23, 1915. Duration, 
thirteen hours. Dose, 76 e. 

May 20, 1916. An induration size of ft 
nickel still felt. Skin bad been some- 
what irritated, 

Oct, 5, 1916, General health good. A small 
area of induration still felt in the scar. 
Axillary and supra-clavicular regiona are 
free. 



Ba^ of radiation: June 5, 1916. Focus 
skin distance, 50 cm,; size of Held, 20 x 20 
cm. Dose, 165 e. 

Sept. 22, 1816. General health good. Tu- 
mor baa completely diaappeared> 



Case 10. Miss G., 46 years old. Carcinoma 
mammie ainistrie. Tumor, size of an ap- 
ple, in left upper quadrant. Freely mov- 
able. Axillary and aupraclavleular re- 
gions are free. Histologic examination of 
excised tissue reveals carcinoma. 

Day of radiation: July 17, 1916. Focus 
akin distance, 35 em. Dose, 165 e. 

Sept. 19, 1916, Tumor has completely dis- 
appeared. Axillary and supraclavicular 
spaces are free. 



Coif 12. Miflfl Oe., 87 ye&ra old. Cftrci- 
Boma mammffi sinistrie. A tumor, be- 
tween size of a pigeon's and a ben's egg, 
found in the external upper quadrant of 
left breast, adherent to skin. Tumor is 
freely movable. Axillary and supra- 
clavicular regions are free. Histologic 
examination of excised tissue reveals car- 
cinoma. 

Day of radiation: July 19, 1916, Focus 
skin diHtance, 40 cm.; size of field, 18 x 18 
cm. Dose, 165 e, 

Sept. 20, 1916. Tumor is not any more 
palpable. General health good. Axillary 
and Bupra-clavlcular regions are free. 
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If tee combine the results of all these cases we arrive at the same 
result as ^previously. To attain a resorption of a carcinoma nodule 
so it will disappear to the sense of touch, cm essentially smaller dose 
of gamma-rays of radium and mesothorium^ filtered with 1.5 mm. 
brass plus 5 mm. celluloid^ is necessary than of X-rays filtered with 
1 mm. copper. 



Comparative Obserrations on the Intensity of the Biologic 
Action of DiflFerently Hard Rays on the Ovary 

The third tissue variety, in which we could carry out a comparison 
of the intensity of the biologic action of the different hardness of 
rays, is the ovary. 

The treatment of myomata and hemorrhagic metropathies with 
X-rays or ganuna-rays of radium and mesothorium, has for its pur- 
pose the application of such a dose to the ovaries of the patients 
that a permanent amenorrhea results. The exact determination of 
this dose, which we will term ovarian dose, was impossible as long 
as one exclusively confined himself in the therapeutic radiation to 
the determination of the dose applied on the abdominal or sacral skin 
by the multiple small field method, then in general use. This dose 
was usually gauged with the Kienbock dosimeter. It, of course, does 
not tell us anything about the dose which arrived at the ovary of the 
patient* The dosation was rendered the more uncertain as one did 
not radiate in one sitting, but usually applied several series with 
an interval of about three weeks between the series. Some authors, 
as M. Frankel, attempted to attain an approximate idea of the dose 
applied to the ovary by inserting Kienbock strips into the vagina. 
However, these attempts faOed due to the uncertainty and deficiency 
of the dosation method. 

We have endeavored to work out a more exact method of dosation 
and found in the ionization method the procedure wliich answered the 
requirements in every respect. 

To measure the dose applied to the ovary, we inserted the ioniza- 
tion chamber — ^we used here also the aluminum chamber — imder 
guidance of the palpating finger sufficiently high up into the rectum 
so that the chamber was placed beside and at the height of the palpa- 
ble ovary. If the posterior vaginal wall was suESciently deep, we in- 
serted the ionization chamber in the posterior vaginal fornix. The 
measurement only then gave the exact ovarian dose, if the tumor 
was not too large, and if by palpation we could locate the ovary next 
to the chamber. 

We have attempted to lessen the inexactness of dosation in the 
larger myomatous tumors* in which we could not exactly determine 
by palpation the position of the ovary to the chamber by choosing 
the distance of the focus from the ionization chamber as large as 
possible. For the greater the distance of the source of the X-ray 
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radiation from the ionization chamber, the less will the inexactness 
of the localization of the ovary give rise to errors in the determina- 
tion of the dose. Fnrther the determination of the ovarian dose was 
only then free from any objections if we attained amenorrhea in a 
single sitting. For, if we distributed the dose to several sittings 
at more or less long time intervals, the imknown action of the 
interval dose would be of real importance on the size of the dose. 
That method of determination of the dose appeared to be the best 
with which we applied the dose to the ovary through a single port of 
entry. This was possible only then if the quotient of the dose, which 
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is dependent on the hardness of the rays, the focus skin distance 
aiid Uie size of the field, was sufficiently f avorable* 

"We succeeded in these individuals to obtain a sufficiently favor- 
able quotient of dose with a focus skin distance of 50 cm. and also 
with X-rays filtered with 3 mm. aluminum. In stouter individuals a 
stronger filtration with 10 mm. aluminum or 1 mm. copper was nec- 
essary. To render it certain that both ovaries and the ionization 
chamber were placed within the radiation beam, the location of the 
ionization chamber within the radiation beam was determined by 
moans of the fluorescent screen before each radiation in the foUow- 
in^ manner: The location of the ionization chamber was vertically 
projected on the skin of the patient, who was lying in a horizontal 
poHition. At this place of the skin a lead ring was placed. By means 
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of the flnorescent screen placed beneath the patient it was ascertained 
whether the ionization chamber would throw a shadow in the middle 
of the lead ring. 

Fig* 47 represents a median longitudinal section to show the pro- 
cedure of placing the ionization chamber. The radiation was con- 
tinued until the iontoquantimeter indicated the ovarian dose. 

If we really intended to make comparative observations on the 
biologic action of the various kinds of rays it would have been neces- 
sary to ray one ovary vrith one quality of ray and the other ovary 
with another quality of ray in one and the same patient. It is self- 
evident that this is impossible as it is well-known that the remaining 
ovary will assume completely the function of the other ovary which 
had been destroyed. Therefore, we can never obtain a correct in- 
terpretation of the degree of functional activity of one ovary. • 

We must choose the way we adopted in the observations on the 
carcinoma and the erythema doses, that is, we must statistically col- 
lect a large number of cases to render the individual error as small 
as possible. We used as standards the cases treated with X-rays 
filtered with 1 mm. copper, and compared with it the cases treated 
with X-rays filtered mth 3 muL aluminum. 

We also have attempted to include in these comparative observa- 
tions the gamma-rays. Though we obtained amenorrhea after gam- 
ma radiations through the abdominal walls, a proof that the ovaries 
had received the ovarian dose, the measurement of the dose used in 
the method of roentgen radiations proved too inexact to enable one 
to draw final conclusions* The radiation field of the radium cannon 
is too unhomogeneous in spite of a most careful distribution of the 
various preparations, so that the difference in distances, between 
the position of the dosimeter chamber and the actual location of the 
ovaries must never be overlooked, as we may do with impunity in 
the cases radiated with heavily filtered X-rays in which we use large 
focus skin distances. Hence differences of a few centimeters are 
not of any significance in the dosation of filtered X-rays, 

Before we communicate these observations, we must decide 
whether the ovaries are at all adapted as test objects for comparative 
investigations on the intensity of the biologic action of the various 
hardnesses of rays. 

We already have mentioned, in the discussion of the skin as test 
object, that an organ can only then be used as a comparative test 
object if: 

1. The same reaction as a result of the radiation can be pK)Ted 
in the organs. 

2. The individual deviations with the use of the same dose mmst 
not he too large. 

3. The sensitiveness must not descemd Velow a certain definite 
value. 

The occurrence of amenorrhea may be co&sidered as a biolagio 
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action in the ovaries of the rays, for X-rays as well as for the gamma- 
rays of radium and mesothorium- 

The conditions in the ovary are nnfortnnately not the same as in 
the skin where w^e may judge of the intensity of the biologic action of 
a kno\\Ti dose from the intensity of the erythema. The expectation 
unfortmiately is not fulfilled that in the ovary the greater or lesser 
intensity of the reaction is observable in an earlier or later occur- 
rence of the amenorrhea. As our clinical observations show, the time 
of the occurrence of amenorrhea is quite independent of the size 
of the dose. 

We have only two values in the ovary as a sign of the biologic 
action, the occnrrenee or non-occurrence of amenorrhea. Therefore 
the ovary is less suited for a valuation of the intensity of a biologic 
action than the skin. However, the ovary in comparison to the skin 
has the advantage of possessing fewer individual deviations toward 
the reaction of radiations* 

We saw that tlie erythema dose of the skin differs according to 
the location of the skin area. The skin of the abdomen has a dififer- 
ent erythema dose as the skin of the back. The skin of the perineum, 
as it is usually somewhat moist, has another erythema dose as the 
skin of the abdomen. Differences in age also play a certain role in 
sMn reactions. These differences in the ability to react are less 
marked in the ovary. 

The age of the patient, which ought to demand chief consideration 
in our observation, does not play any recognizable influence on the 
reaction. For differences in ages of twenty years withia the period 
of sexual activity do not have any essential infinence on the ovarian 
dose. 

If other authors, contrary to these observations, accentuate the 
factor age, it must be stated that they determined the dose on the 
skin and not at the seat of the ovaries. They drew the conclusion 
for the therapeutic effect from the skin dose, without knowing the 
ovarian dose. 

The sensitiveness of the ovary also is sufficiently great. Skin and 
ovaries are of about the same value as test objects, as we may con- 
clude from the following observations. 

When we began to bring about retrogression of myomata and 
hemorrhagic metropathies by obtaining amenorrhea in one sitting, 
we at first applied a relatively high dose to avoid failures. After 
we saw that amenorrhea appeared we changed to smaller doses until 
we finally reached the value of the smallest acting dose. 

Altogether we have at onr disposition over two hundred observa- 
tions of myomata and hemorrhagic metropathies. 

Mitscherlich was able to prove from the material of onr eUnic 
that the value of the smallest acting dose is relatively sharply de- 
finable. 

All those patients became amenorrhoic that received an ovarian 
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dose of 33 e to 44 e. The first failures, that is, non-occurrance of 
amenorrhea, resulted from a dose lower than 33 e. The failures 
were already numerous with a dose of 23 e. 

The sensitiveness of the ovary is therefore sufficiently large and 
we may use the ovary as a test object for observations on the inten- 
sity of the biologic action of various hard rays. 



Camparatiye Obflervationft on the Intensity of the Biologic 
Action of X-Rays Filtered with 3 mm. Aluminum and 1 mm* 
Copper on the Ovary After Passing Through a Layer of 
Tissue Between Filter and Ovary 

In the radiation of an ovary through a field on the anterior ad- 
dominal wall the X-rays must first pass a layer of tissue of about 5 
to 10 CHL before they reach the ovary. We proved in the physical 
part that X-rays filtered with 1 mm. copper do not essentially change 
their composition^ if they penetrate a layer of tissue of a thickness 
of 5 to 10 em* On the other hand X-rays filtered with 3 mm. aluminum 
do essentially change their composition depending on the thickness 
of the tissue layer penetrated. We therefore cannot compare the 
X-rays filtered with 1 mm, copper with the X-rays filtered with 3 
nun. aluminum as we had done in our earlier observations, but we 
may gather from these observations whether with the same dose 
the biologic action of the various hard rays within the limits of 3 
mm. aluminum and 1 nun, copper filtration is of different intensities. 

Tlie value of the smallest active ovarian dose was placed at 33 e 
and it was found from observation of cases that were radiated with 
1 mm. copper. 

We, therefore applied in lean individuals, in which the quotient 
of the dose permitted it, the same dose of X-rays filtered with 3 mm. 
aluminum to the ovary as in others with the use of X-rays filtered 
with 1 nun, copper. We possess ten such observations. They show 
that the dose applied to the ovary to produce amenorrhea is not 
higher when X-rays filtered with 3 mm. aluminum are used than with 
X-rays filtered vnth 1 mm. copper. 

It follows from these observations thnt amenorrhea occurs with 
ahoiit the same dose ohfained with X-rays filtered with 1 mm. copper 
and X-rays filtered with 3 mm, aluminum* The intensity of the bio- 
logic action of X-rays filtered vnth 3 mm. aluminiun or 1 mm. copper 
on the ovary after penetration of a layer of tissue hetwee^i filter and 
ovary is about the same. 

It appears to be of interest to mention an analogous experiment 
in animals. Tlie test object used was the frog larv®. They were 
radiated beneath a layer of water 5 cm, thick analogous to the posi- 
tion of the ovary beneath the skin surface. Water, as has been dem- 
onstrated, may be considered of even value as human tissue concern- 
ing absorbability of rays and production of secondary radiations. 



1^ 



BADIOTHERAPY 



Comparative Invettigatioiis on the Intensity of the Biologic 
Action of X-rays Filtered with 3 mm. Aluminum or 1 mm. 
Copper in the Larvae of Frogs After Penetration of a Lpayer 
of Water 5 cm» Thick Between Filter and Larvae 

The details of the experiment correspond to those employed in 
the earlier tests with the difference that the larv© were placed 5 cm. 
beneath the surface of the water. The meaanring chamber also was 
placed at the same location- (See Fig, 42.) 

Course of the Experiment — The spawn clump from a pair of rana 
eseulenta served as observation material. The eggs had so far de- 
veloped that the embryos had assumed a bean shape within the 
membranes. 

The observation material was divided into three parts, each of 
thirty eggs. Parts 1 and 2 were radiatedj part 3 served as control* 
Part 1 was radiated with X-rays filtered with 3 mm, aluminum, and 
part 2 ^dth X-rays filtered with 1 mm, copper. 

The doses applied were 125 e at 5 cm, depth and obtained withia 
117 and 138 minutes respectively. 

Extract from the observation journal. Day of radiation: June 
26, 1915. 

Days of ohservation: 

June 28th — The animalu b&ve left tbe membranes. The oontrols are alive and of 
nonsftl development The radiated aaimtla begin to show the characteristic aymptoma 
ol radiation disease. Differences between the two radiated groups cannot be recognized* 

June 30th — The controls are alive and of normal development. The radiated groupa 
almoflt all ehoW the characteriBtic symptoms of radiation dia«aae. The aymptoms are 
generally much more marked in the animals of group 2 than in tbose of group 1. 

July 2iid — One of the controls has diedj the others are of normal development. Of 
group 2, three animala euceumbed with the characteriatic radiation symptoma* Other^ 
wise, the same findings prevail aa on June 3tHh. 

Jiily 5th — ^The controla are all alive and of normal development. Of group 2^ twelve 
animala died; none of group 1, 

July 7tli^ — Twenty-five animala of the controls are still alive and of normal develop- 
ment. Two animala of group 2 are still alive. They ahow the oharacteriatic radiation 
symptoms. All the animala of group 1 have distinctly marked radiation eymptoma. 

July IDth — ^The controla are all alive and of normal development. Two animals 9t 
group 1 are atill alive. 

This experiment shows that the intensity of the biologic action of 
X-rays filtered tvith 3 m^n. aluminum after penetration of a layer 
of water 5 cm. thick^ is about the same as that of X-rays filtered tuith 
1 mm, copper, if the dose has been determitied with the aluminum 
chamber* 

The Significance ef the Doiimeter in the Determination of the 

Biologic Factor 

In the preceding experiments we made use of our dosimeter and 
an ionization chamber in which electrodes and walls were constnicted 
of aluminum in the determination of the dependence of the biologic 
factor on the hardness of the rays with like doses. 
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The experiments revealed the result that a dependence of the 
intensity of biologic action on the hardness of the rays exist. This 
difference in the intensity of the biologic action was not considerable 
with the differently filtered X-rays, however a very considerable 
difference prevailed between the intensity of the biologic action of 
the gamma-rays of radium and mesothorimn and those of X-raya 
filtered with 1 mm. copper. 

In the physical part and in the first paragraph of the biologic 
part we have already referred to the fact that a source of error was 
caused by the employment of aluminum as electrodes and chamber 
walls in the comparative dosimetry of the various hard rays and 
that an ionization chamber constructed of graphite electrode and 
walls was devoid of these errors. In biologic experiments, therefore, 
the results obtained wth an aluminum chamber as a dosimeter can 
be valued correctly then when the error has been taken in account by 
gauging the results with a graphite chamber. The standardization 
between the alimainum chamber used in the experiments and the 
graphite chamber revealed that the aluminum chamber in comparison 
to the graphite chamber would indicate a dose the smaller the softer 
the employed radiation was. The difference was not very consider- 
able, if roentgen rays were concerned, whether they were unfiltered 
or filtered with variously strong filters. On the other hand, it was 
very considerable if a comparison was made between X-rays and 
gamma-rays of radium and mesothorium filtered with 1.5 mm. brass 
plus 5 mm. celluloid. 

In the following table the results with 1 mm. copper measured 
with the alunnnum chamber correspond exactly to those obtained 
with the graphite chamber. With X-rays filtered with 10 mm. alu- 
minum the dose measured with the aluminum chamber corresponds 
to only 0.86 of that measured with the graphite chamber ; with X-rays 
filtered with 3 mm. aluminum the dose obtained with the aluminum 
chamber corresponds to only 0,81 measured with the graphite cham- 
ber. With unfiltered rays the dose measured with the aluminum 
chamber equals the dose measured with the grapliite chamber. With 
gamma-rays of radium the dose measured with the aluminum cham- 
ber equals 2,27 of that measured mth the graphite chamber. 

DfjoliArgv DiAoh&rge Rutio of 

hj time of time of discbarge f 

aluminora grmphite times 

H&rdDMi of T»,y9 chamber chamber 

Unflltered X-rays 2.i 2.1' 4/9' 2. S3 1,00 

X-Taj9 filtered with 8 msi. 

ahnniimm ,,, 4.9 2.14' 6.2' 2.9 0,81 

X-myn filtered with 10 mm. 

aluminum 0.9 4.75' 13.0' 2.T4 0.86 

X-raje filtered with 1 mm. cu, 10.5 3,5' 8.2' 2,34 1.00 

G«mmM*ny8 50 66' 08' 1.03 2.27 

Let US now study with regard to the latter deductions the results 
which we have found in the comparison of the intensity of the biologic 
action of the rays of various hardnesses. 
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In the comparison of the intensity of the biologic action of nn- 
filtered X-rays and of X-rays filtered with 1 mm. copper we saw 
that a difference in the intensity of the biologic action with like dose, 
measured with the aluminum chamber did not exist. In accordance 
witli the table given above a correction of the dose does not have to 
be made with these qualities of rays. We therefore may omit in our 
results the restriction *' measured mth the aluminum chamber*' and 
state the results thus : 

The intensity of the biologic action between mi filtered X-raifs and 
X-rays filtered with 1 mm. copper is with like dose the same. 

In the comparison of the intensity of the biologic action of X-rays 
filtered i.vith 3 mm . aluminmn and of X-rays filtered with 1 mm. cop- 
per we found a recognizable difference in the intensity of the biologic 
action, if we measured the dose with the aluminum chamber* We 
placed the biologic factor at 0.75. According to the table we must 
make a correction, for the animals radiated with 3 nun, aluminum did 
not receive the same dose as those rayed with 1 mm. copper* This 
dose was 20 per cent lower. If we had applied to the animals ra- 
diated with 3 mm. aluminum a dose about 20 per cent higher in order 
to obtain a correct comparison of the biologic action with like dose, 
then the difference would have been so far annulled that a difference 
in the biologic action could not have been observed. The corrected 
result must therefore be expressed as follows : 

The intensity of the biologic action of X-rays filtered with 3 mm. 
aluminum and 1 mm, copper is ivith like doses the same. 

We found in the comparison of the intensity of the biologic action 
between gamma-rays of radium and mesothorium filtered with 1,5 
mm, brass plus 5 nun, celluloid and X-rays filtered with 1 mm. cop- 
per, if we measured the dose with the aluminum chamber, an essen- 
tially stronger biologic action of the ganoma-rays. According to the 
table we must here also apply a correction, because the animals rayed 
with gamma-rays did not receive the same dose as the animals radi- 
ated with X-rays filtered with 1 mm. copper, but a dose about 2.27 
times larger. The difference in the intensity of the biologic action 
between these two radiations therefore is essentially smaller. 

In the determination of the biologic factor we had applied to the 
animals radiated with X-rays filtered with 1 mm, copper a dose 
measured with the aluminum chamber three times larger than that 
applied to the animals radiated with gamma-rays, to establish the 
same intensity of the biologic action. 

If we apply the correction according to the table then the differ- 
ence of the applied dose is not 300 but only 20 per cent. The differ- 
ence of 20 per cent cannot be expressed in the biologic results. The 
experiments made by us therefore permit the conclusion: 

A difference in the intensity of the biologic action between gam^ 
ma-rays and X-rays filtered with 1 mm. copper must be small, if it 
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exists at all, for it cannot be recognized with a difference in dose of 
20 per cent. 

Yet we deemed it desirable to perform a series of experiments 
with the same doses. We employed as test abject the larvaB of rana 
eseuleiita. The details of the experiments were the same as those 
observed in the eariier biologic investigations with frog larvce. 

Course of the Experiment. — The spawn clump of a pair of rana 
esculenta served as observation material. The embryos had devel- 
oped the medulla rj" depression within the membranes. (See table 
XIV f Fig. 1.) They were divided into three parts, each of about 
fifty larvse. One part was radiated with gamma-rays filtered with 
1.5 mm. brass plus 5 mm. celluloid, the other with X-rays filtered 
with 1 mm, copper, while the third part served as controls. 

The graphite chamber was employed as dosimeter chamber. The 
dose was in both instances 80 e. As the radiation with the gamma- 
rays required a longer time than the radiation with X-rays and to 
avoid errorsj the application with the X-rays was undertaken in the 
middle of the time period that was necessary for the radiation with 
gamma-rays. After the radiation the larv© were reared in the 
customary way in culture plates filled with pond water. 

Extract from the observation journal. 

Day of radiation : April 28. 
Days of observation: 

May 4th — ^Tbe lairie^ execute the first moTement« within the memhraTies. In gooie ci 
the radjiited animaU the sjrmptons of radiation dieease have already appeared. 

May 8th — ^The larva have left the meinbranea and swim about in the culture pUtea. 
Moat of the radiated animala show the characteriatic symptoms of radiation disease in 
the form of deformities and vesicular swellings. (Fig. 2, table XIV.) A difference in 
the degree of the symptoms between the groups of the radiated animals caunot he observed. 

May 13th — ^Tb^ controls are all alive and of normal development. About half of the 
animals in eJMrh of the radiated groups have died; the rest show distinctly pronounced 
radiation syniptoma. A difiference between the groups of the radiated ^«inifllft can also 
not now be observed. 

May 19th-»The controls are all alive and of normal development. The animals radi- 
ated with ganima-rays are all dead; the animalB radiated with X-rays had succumbed faj 
May nth. 

In the following table the nimiber of living animals and the nmn- 
ber of those shelving radiation symptoms have been entered. 
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From these results we deduce: The intensity of the biologic c^- 
Hon of gamm€L-rays of radium and mesothorium filtered with 1.5 mm. 
brass plus 5 mm. celluloid and X-rays filtered with 1 mm. copper is 
the same with the same dose. 

Since the intensity of the biologic action of nnfiltered rays, and of 
X-rays filtered with 3 mm. aluminum and 1 mm. copper with like dose 
was the same, we may answer the question, ** whether with the same 
dose the intensity of the biologic action of X-rays and gamma-rays is 
dependable on the hardness of the rays" thus: 

Within the limits of hardnesses of the radiations investigated the 
intensity of the biologic action is independent of the hardness of 
rays; the intensity of the biologic action is only dependent on the 
radiation energy absorbed. 

We have recorded the investigations of the dependence of the in- 
tensity of the biologic action on the hardness as they were gradually 
worked out in our laboratory. We intentionally reported the biologic 
results obtained mth the aluminum chamber, though they required 
correction, — yes, were even misleading* 

In the writings on the investigation of the dependence of the 
biologic action from the X-rays and gamma-rays of a known 
hardness with the same dose, as they have been published by various 
authors, the results obtained differ very essentially. Some find a 
marked dependence of the biologic action from the hardness, others 
take the view that the biologic action is only dependent on the ab- 
sorbed X-ray energy. According to our investigations it is deemed 
very probable that the differences in the results of these writers are 
caused by the use of other dosimeters. 

To again demonstrate the dependence of biologic results from the 
dosimeter we have made additional investigations on another test ob- 
ject, namely, the genus of vicea fava, which is used with preference 
by many authors in their investigations, to one series we have used 
the aluminum chamber and in the other we employed the graphite 
chamber. In both series the same doses measured with these cham- 
bers were applied. 

The preliminary experiments showed that the garden beans are 
generally not as well adapted to comparative biologic tests as the 
frog spawn, because the sensitiveness of the vicea fava is a smaller 
one than that of the frog spawn. The latter already shows a pro- 
nounced difference in the biologic action if the dose varies 50 per 
cent^ while a difference in the germinating garden bean is just recog- 
nizable with a difference in dose of about 100 per cent. 

We expected, a priori, that on account of this relatively great in- 
sensitivenesi differences in the biologic action of the differently hard 
X-rays could not be obtained when using both measuring chambers. 
We, therefore, employed the gamma-rays of radium and mesotho- 
rium filtered with 1.5 nam. brass plus 5 mm. celluloid for comparison 
with X-rays filtered with 1 nun. copper, because with these the 
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infliieiice of the dose could be shown in spite of the relatively great 
insensitiveness of the test object. 

The details of the experiment closely adhere to those observed in 
the biologic experiments with frog spawn, as shown in Figs. 42 and 
43. The germinating garden beans were used in place of the frog 
larvaa. The measuring of dose was performed in the same manner. 

Course of the Experiment, — From the harvest of the previous year 
of vicea flava, which descended from one family, a large number were 
placed at our disposal by the Botanic Institute of Freiburg. They 
were set in a closed culture plate lined with moistened blotting paper 
and kept in a warm room to germinate. Those beans were taken 
out after a few days in which sprouts of the same length and same 
thickness had grown out from the beans. The length of the sprouts 
averaged 2-3 mm. (See tables XV and XVI, Fig. 1.) Two groups 
of thirty beans each were subjected to radiations, while a third group 
of thirty beans served as controL A dose of 55 e was applied to one 
group viith X-rays filtered mth 1 mm. copper, and to another with 
gamma-rays from radium and mesothorium filtered with 1.5 mm, 
brass plus 5 mm. celluloid. The two dosimeters, one supplied with 
an aluminum chamber and the other with a graphite chamber, were 
so standardized that the doses from a radiation of X-rays filtered 
with 1 mm. copper were the same if measured with both instruments. 

To obtain the same dose with gamma-rays, then with X-rays, a 
longer time of radiation is necessary with the gamma radiation. To 
avoid any error arising from the difference in the stage of develop- 
ment of the radiated beans, the radiation with X-rays was placed at 
the middle of the time of the gamma radiation. After radiation the 
radiated beans and controls were planted equally deep in beds fiUed 
with humus best suited for a good growth and kept at even tem- 
perature in the greenhouse of the botanic institute. After the sprouts 
had grown out from the ground they were photographed at intervals 
of eight days. 

Extract from the observation journ^iL 



DoMiion mth the Aluminum Chamher, 
Bmjft of radiditUm: Dec. 5, 1916. 
#ay« of oh9erfMtion: 

Dec, 0, 1916. Some of the controls have 
sprouted out above the ground, while 
BproutB cftnnot be seen in the radiated 
beana. 

Deo. 13. 1916. The radiated beans as well 
aa the controla have thrown out shoots 
abore the ground. However, the radiated 
beans in comparieon to the controls show 
marked retardation in irrowth, which is 
much more pronounced in the plants radi- 
ated with gamma^raje than in those ra^ 
diated with X-rays. 

Dec 20, 1916. The planta show a progrea- 
aive and vigorous development 'Hie dif- 



Dotation with th€ Graphite Chamber, 

Dajfa of radiation: Dec. 14, 1916. 

Days of ob§ervation: 

Dec. 18, 1916. Some of the controls have 
already sprouted out above the ground. 
The radiated beans do not show anj 
sprouts. 

Dec, 21, 1916, The radiated beans and the 
controla have thrown out sprouta above 
the ground. However, the radiated beans 
in comparison to the controls show 
marked retardation in growth, which is 
much more pronounced in the planta ra- 
diated with gamma-rays than in those 
radiated with X-rays, 

Dec. 27, 1910. The plants show a progrea* 
aive, vigorous development A difference 
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ference in the id tensity of the biologic 
action between the plautst radiated with 
gamma-rays and tiiose radiated with X- 
rays is very noticeable. A thickening of 
the leaf epitlielium and an abnormal 
Hhape of the leaf are evidences of char- 
acieriatio radiation symptoms. (Fig, 2, 
Uble XV.) 
Dec. 27, 19ia. The plants of all groups 
have continued to develop vigorously. A 
difference in the intensity of the biologic 
action of gamma-rays remains visible. 
(Fig. 3, table X\\) It appears that the 
plants in their further development slow- 
ly recover from the action of the radia* 
tion. The leaves gro^^Ti last do no longer 
show a thickening of the epidermis. 



in the intensity of the biologic action of 
g&mnia-rays and those of X rays cannot 
be recognised <Fig. 2, table XVI). A 
thickening of the leaf epithelium and an 
abnormal shape of the leaf are seen as 
evidences of characteristic radiation symp- 
toms. 

Jan. 4, 1^17. The plants in all groups have 
continued to grow vigorously. An influ- 
ence of the radiation on the radiated 
plant* remains further visible. A differ- 
ence between the plants radiated with 
gamma-rays and those radiated with X- 
rays is not observable. (Fig, 3, table 
XV.) 



From the two series of experiments the following conclusions 
may be drawn. The influence of the biologic action between gamma- 
rays of radium and mesothorium filtered with 1.5 mm, brass plus 5 
mm* celluloid and X-rays filtered A^ith 1 nun, copper is observable in 
the sprouts of vieea fava. If we apply with both radiations the same 
dose, measured with the aluminum chamber we see a difference in the 
intensity of the biologic action of both radiation varieties in the sense 
that the more intense biologic action must be attributed to the harder 
rays* On the other baud if we apply the same dose, measured with 
the grapliite cliamber, this difference in the intensity of the biologic 
action of both radiations disappears. 

Comparative Observations on the Intensity of the Biologic Action of 
Gamma-rays of Radium and of the Gamma-rays of Mesothorium 
filtered with 1.5 mm. Brass plus 5 mm. Celluloid. 

We have until now considered the filtered gamma-rays of radium 
and mesothorium always as rays of like hardness and always com- 
pared the intensity of the biologic action of a combination of these 
gamma-rays with that of filtered X-rays, We were compelled to do 
this because we had to use the entire supply of radium and meso* 
thorium in the comparative biologic investigations on the influence of 
X-rays and gamma-rays on frog larvae and because the total amount 
only suflBced to apply within a reasonable time to the frog larvae the 
required measurable dose for the production of the radiation disease* 

Physical investigations on the composition of the gamma-rays 
of radium and mesothorium revealed that a small difference in the 
composition of the rays is present Though it was to be assumed, 
at the outset, that this small difference would not be expressed in the 
biologic reaction, we deemed it advisable to perform comparative in- 
vestigations on the intensity of the biologic action of gamma-rays 
of radium and mesothorium, because in literature statements are 
found that a smaller biologic action must be attributed to the ganuna- 
rays arising from radium than to those emitted from mesothorimit 
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As we conld not compare with each other the gamma-rays of 
radium with those of mesothorium in their influence on beings of low 
life on account of an insufficient amount of radio-active substances, 
we confined our investigation to the human skia, because a method 
of donation somewhat free of objections can then be used* 

We employed a radium capsule and a mesothorium capsule for 
the comparative observations. The gamma-rays of the radium cap- 
sule had a gamma-ray activity of 48 mg. radium element and the 
gamma radiation from the mesothorium capsule had a gamma-ray 
activity of 47.7 mg. radium element. The gainma-ray measurement 
was performed according to the method given on page 10, 



, Radium Pnparatum 



\75mm 



l.$ mm Brass Filter 



1/ mm. Celluloid 



5 mm, CeUutaid 



Skm 



Fio, 48* 



Course of the Experiment, — ^The radium or mesothorium capsule 
was placed in the center of a brass capsule of a wall tliickness of 
1.5 mm. as shown in natural size in Fig, 48. The brass capsule 
rested on a frame of celluloid of a thickness of 1 mm. which had a 
base of celluloid of a thickness of 5 mm. that extended over the cap- 
sule all around to arrest the secondary beta rays. This radiation 
applicator was filled at one time with mesothorium and at another 
time with radium and applied to skin surfaces that were as homo- 
geneous as possible. The distance from the center of the preparation 
to the skin was 15 mm. 

We may assume that with like distance from the skin, with like 
applicators and with the same time, the doses applied to the skin must 
be the same as the size and activity of both capsules were about the 
same. 

Extract from the observation journal. 

We made use of our skin for this experiment. The radium 
capsule was applied to the right infra-clavicular region, and the 
mesothorium capsule to the infra-clavicular region. The time dura- 
tion of application for both preparations was fifty hours and lasted 
from Nov. 5, 1915, 5 P.M., to Nov. 7, 1915, 7 P.M. 



Field o:^^ radium 
KoT. ISf 1915; Distinct reddening appMtm. 
Nov. 17, 1016! Marked erythema of first 

degree. (Fig, 1, table XVHJ 
Nov. 24, 1015: Beginning of blister fonna- 

tioD. 



Field 5 ^ me^othonum 
Nov. 13« 1915: Reddening appears. 
Kov. 17, 1916: Marked ernh<>ina of first 

degree. (Fig. 2, table XVIL) 
Kov. 24, 1916: Beginning of blister forma- 
tion. 
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Nov. 30t 1015: Free eecretion from the rup- 
tured Ycstcle. 

Dec. 2, 1915: Id place of the blister a aeab 
the size of a quarter, (Fig. 3, table 
XVIL) 

Dec* 10, 1915: Scab still preseut (Fig. 5. 
table XVU.) 

Dec, 15« 1915; Scab bealtDg. (Fig. 7. Uble 
XVIL) 

Dec. 21, 1915: Bcab hm» disappeared witb 
the exoeption of a amaU remnant. Skin 
free of acars. ( Fig. 9, table XVII.) 



Not. 30, 1915: Free tecretioo from the 

ruptured veaicle. 
Dec. 2, 1915: Scab, sIm <d & dollar. (Fig. 

4, table XVIL) 

Dec. 10, 1915: Scab dropped off in center; 

beneath it freely secreting skin. (Fig. 

6, Uble XVII.) 
Dec. 15, 1915: Separation of scab is some* 

what delated in comparison to a. (Fig. 

8, Uble XVII.) 
Dec> 21, 1915: Scab preserved for a some* 

what longer period; new skin next to it* 

(Fig. 10, Uble XVH.) 



Resvlt: The intensity of the biologic action of gammc^rays of 
radium filtered with 1.5 mm, brass plus 5 mm. celliUoid, is the same 
as that of gamma-rays of mesothorium filtered with 1.5 mm. brass 
plus 5 mm* celluloid vnth like dose and like intensities. 

Comparative Observations on the Biologic Action between Beta-rays 
of Uranium-x after passing through a Layer of Aluminum as 
thin as possible and the Oamma^rays of Mesothorium filtered 
with L5 mm. Brass plus 5 mm. Celluloid* 

In the experiments made hitherto for comparison we have em- 
ployeci only the gamma-rays of radinm and mesothorium- As is 
well known these substances send also out alpha- and beta-rays he- 
sides the gamma-rays. The alpha-rays are absorbed in the capsule 
holdiDg the radio-active salt and cannot produce any reaction out- 
side of the capsule. A large part of the beta-rays, however, pen- 
etrates the capsule, and we know from numerous observations, that 
a biologic action must be ascribed to these rays. So far systematic 
and exact investigations on the intensity and kind of the biologic 
action of beta-rays in comparison to the gamma-rays have not been 
available. The beta-rays of radium and mesothorium could not be 
used for comparative investigations because we can never recognize 
the biologic action of these beta-rays, as they are always mixed with 
a considerable proportion of gamma-rays. It is possible to isolate 
the gamma-rays from the beta-rays by physical methods, for instance, 
by a magnetic field. This method is too inconvenient, so it does not 
appear to be well suited for biologic test, especially on the skin. The 
customary test objects, frog spawn and beans, also cannot be em- 
ployed on accoimt of the difficulties of dosation with relatively weak 
preparations. 

To study the biologic action of beta-rays without admixture of 
gamma-rays, we deemed proper the use of uranium-x as source of 
radiation, as in this preparation such a small amount of gamma- rays 
is present that the results of observation do not suffer an appreciable 
error according to our biologic experiences. 

We used 5 Kg, of uranyl nitrate for the preparation of the neo- 



RADIOTHERAPY 



155 



essary amoimt of nraniom-x, which was placed at our disposal by 
the diemical works of Merck in Darmstadt. We employed the 
method of absorption with animal charcoal so as to nnnecessarily 
contaminate the residue with foreign chemicals, as the latter was to 
be nsed for other purposes. The 5 Kg. uranyl nitrate were dissolved 
in 40 liters of water. Ten grams of pure pulverized animal charcoal 
were added and the mixture uninterruptedly stirred for ten days by 
means of a paddle in a big glass trough. According to the investiga- 
tions of A. Ritzel* the maximum of adsorption of nranium-x by the 
animal charcoal has occurred within this period. The solution was 
then left standing for a time so that the coal settled at the bottouL 
The clear fluid above the sediment was siphoned off. The residue 
with the animal charcoal content was filtered. The residue left be- 
hind on the filter was reduced to ashes and burned in a crucible, A 
residue of a few grams of a gray-brown powder was obtained which 
proved to possess a strong beta radiation when measured with 
an electroscope. Therefore it contained a large proportion of 
nranium-x. 

As the action of uxanium-x was to be compared with a meso- 
thorium capsule, it became necessary to render the volume of the 
nranium-x preparation the same as the volume of the mesothorium 
preparation. A small platinum capsule of exactly the same dimen- 
sions as the mesothorium capsule served for the reception of the ura- 
nium-x. To reduce in volume the residue containing the uranimn-x 
without decreasing its amount, the residue was treated with chemic- 
ally pure hydrochloric acid of highest concentration. After a cer- 
tain time of action of the hydrochloric acid, the non-soluble sub- 
stances were separated by centrifugal force. This operation was 
repeated several times and the insoluble substances were finally 
washed with distilled water and filtered. The acid and the water 
were dried in a porcelain dish on a waterbath placed in the small 
platinum capsule above described and the hydrochloric acid finally 
driven off by red heat. A small residue was left in the platinum 
capsule, which contained mostly nranium-x. 

As it was shown electrometrically that the undissolved residue 
possessed considerable activity, as much of the residue as possible 
was placed in the platinum capsule. The latter was sealed and 
placed in an aluminum capsule. The side of the capsule through 
which the beta- rays were to pass was of a thickness of 0.05 mm. The 
capsule thus prepared was used for the biologic experiments, 

A measurement of the capsule with the beta-ray electroscope, made 
on the day of its completed manufacture, revealed that the activity 
was equivalent to a ganoma-ray activity of about 5 mm. radium 
element. 

The chief difficulty consisted in comparing biologically the beta 
radiation arising from this preparation with the gamma-rays. We 

• A. RiteeK Zeitfichrift fttr physlkaliBche Chemie, 67, 1909. 
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are dealing with two kinds of radiation which cannot be compared 
with each other because one radiation has a corpuscular character 
and the other the character of a ray ^vave. If we, in spite of this 
fact, compare the beta-rays with the ganmia-rays we are perfectly 
conscious of the sources of errors attached to such a procedure. 

The comparative dosation of both kinds of radiation with the ioni- 
zation method appeared to us to be freest from any objections. 

We employed for the measurement of both radiations the beta 
electroscope shown in Figs, 3 and 4. The gamma-rays were obtained 
from a mesothorium preparation filtered with 1.5 mm, brass plus 5 
mm. celluloid, A brass filter surrounded the mesothorium capsule 
which was kept at a distance of 1 meter from the electroscope. The 
celluloid filter was placed directly against the aluminum wall of the 
electroscope because we were desirous to keep away from the electro- 
scope not only the secondary radiations arising in the brass filter but 
also the secondary rays arising from the objects kept in the work- 
room. Only thus were we assured that the conditions during the 
measurement would equal those at the skin as closely as possible. 
In radiation applications to the skin the brass and celluloid filters are 
placed directly on the skin. Thereby the radiation field is protected 
from undesirable beta radiations. 

To measure the beta-rays arising from the uranium-x prepara- 
tiouj the latter was kept at the same distance from the beta-ray elec- 
troscope as the mesothorium preparation, namely, 1 meter. It is 
self-evident that filters were not used. 

It is w^ell knoVkH that uranium-x has a half decay period of 24.6 
days. Therefore the measurement for the determination of the dose 
had to be undertaken shortly before each biologic experiment. As 
the beta radiation activity of our uranium-x preparation was only 
of such an amount that according to preliminary tests an application 
of a duration of several days was necessary, the decrease in the 
activity during the period of radiation plays a role that cannot be 
overlooked. This decrease had to be considered in the final result 
if we desired to obtain a comparison with the ganama-rays of meso- 
thorium. The methods of this calculation will not be described as they 
may be reviewed in textbooks on the decay of radio-active substances. 

The exancdnation was conducted as follows: Two homogeneous 
places of the infra-clavicular regions were radiated. The meso- 
thorium capsule was applied to the left side. It was enclosed in a 
brass filter of 1,5 muL The carrier was arranged as seen in Fig. 49, 
The capsule rested on a ring of hard rubber which was attached to a 
celluloid plate of a thickness of 5 nam. The plate extended beyond the 
hard rubber ring on all sides. The distance of the mesothorium cap- 
sule from the skin amoimted to 1.5 cm. The uranium-x preparation 
was applied to the right side. It was mounted on a frame of the same 
construction. The brass filter and also celluloid were omitted within 
the area of the hard rubber ring, so that the beta-rays might strike 
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the skin directly. The distance of the uranium-x preparation from 
the skin was 1.5 em. A measurement taken on the day of its applica- 
tion, Jan< 29, 1916, revealed that the uranium-x preparation possessed 
an activity equivalent to a gamma radiation of 4.43 mg, radium 
element. 

The mesothorium capsule had a gamma-ray activity of 9 mg. 
radium element. It required a time duration of seventy-five hours to 
obtain a distinct erythema according to our experiences. The ura- 



M. Th, Capsule 



Cefluloid 
6 mm 



^Brass Filter 1.3 mm, 

[Hard Rubber 
* ring 






nium-x preparation, therefore, required a time duration of radiation 
of 152 hours iochKling the loss due to the decrease of its activity to 
obtain the same dose. 



Extract from the observation jourtial. 



Field a* Left infra-clayicular region. 

Mesothorium capsule. 

Duyt of radiation: From Jaa. 29, 1910^ at 

6 FM., to Feb. 1, 1916, at 9 FM. 
Days of observation: 
Feb. 1, 1916: After removal of capsule a 

light reddish discolor at ion is oeen which 

diiiappeara after a da^« 
Feb. 6, 1916, A.M.: Skin ag&in normal. 

Feb. 8, 1916: Slight browniBh, yellowiah 
discoloration. (Fig. 1, table XVHI.) 



Feb, 17, 1916: Moderate reddening. At 
one place Blight Iosb of epitbetium of the 
most superficial epidermis. ( Fig. 3, table 

xvin.j 

Feb. 22, 1916: The erythema has increased 
in intensity; distinct formation of scab 
in center. (Fig. 5, table XVIII.) 

Feb. 23, 1916: Scab is slowly separated. 
(Fig. T. table XVIII.) 

March 3, 19 IG: Skin free of ecars. 



Field b. Kigbt infra-clavicular region. 
Uranium-x preparation. 
Da If 9 of radiation: From Jan, 29, 1916, at 

6 P.M., to Feb, 5, 1916, at 2 A.M. 
Days of ob€€rvation: 



Feb. 6f 1916: After removal of capsule a 
light reddening is seen. 

Feb. 8, 1916: Slight Increase in the inten- 
sity of the erythema. At a few places 
superficial loss of skin* (Fig. 2, table 

x\nn.) 

Feb. 17, 1916: Somewhat intense redden* 
ing. The loss of substance has not yet 
healed. (Fig. 4, table X\an.) 

Feb. 22, 1916: Erythema decreasing. Scale 
formation over th« erosions. ( Fig. 6, ta^ 
ble XVIII. y 

Feb. 26, 1916: Progressive healing. (Fig. 
8, table X\^U.) 

March 3, 1916: Skin free of scars. 



This observation was repeated with another preparation of nra- 
ninm-x which was obtained after 3 months from the solution in 
which another additional portion of uranium-x had been formed in 
the meantime- The course of the experiment and the method of dosa- 
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tion remained the same. The results resembled the preceding one so 
closely that we v^all dispense with a repetition. 

Result 

From these experiments the following results are to he drawn: 

1. A strong biologic action must he ascribed to the beta-rays in 
their action on the skin, 

2. This biologic action resembles macroscopically in almost all 
points the biologic action of gamma radiation on the skin, with the 
only difference that the reaction appears somewhat earlier in radia- 
tions with beta-rays. 

3* // we measure the beta- and gamma-rays according to the 
method described, the biologic action of gamma- and beta-rays on the 
skin surface is of the same intensity with like doses. 

The opinion has been frequently expressed that we must explain 
the biologic action of gamma-rays in the tissues as being not an in- 
direct but a direct action* The process was usually interpreted aa 
follows: A secondary radiation arises in the tissues when struck by 
gamma-rays and these corpuscular radiations call forth the biologic 
action. This assumption was rendered probable by the well-known 
experiments of the English investigator Wilson, who proved that 
the process of ionization may with great probability be ascribed to 
the secondary beta radiations caused by the X-rays when travers- 
ixigair* 

The close similarity in the biologic action of gamma-rays and 
beta-rays as determined in our experiment, may according to our 
opinion serve to support this view that the action of the gamma-rays 
in the tissues is an indirect process, 

Obeervationt on the Dependence of the Intensity of the Biologic 
Action with Like Dote on the Intentity of the Rays 

We understand by the applied radiation dose the product of the 
intensity of the rays and time divided by the half absorption value 

layer of the radiation, i.e., ' It is evident that we may attain 

with the same hardness tlie same dose by applying a small intensity 
wthin a long time or a large intensity ^vithin a correspondingly short 
time. Of late in the construction of roentgen transformers special 
importance has been attached to the attainment of a high intensity, 
and one thought, based on clinical observations, to be able to obtain 
then^by a better biologic action and also an improvement in the econ- 
omy, CUnical observations, however, as far as we could deduce from 
the Kteratnrt, give a picture so at variance that it was impossible 
to draw uniform conclusions. 

We therefore deemed it our duty to carry out special investiga- 
tions on this point 
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The relation between time and intensity in the action of light- 
rays on photographic plates has been an object for investigations 
for many years. These experiences have been expressed into laws, 
which were propounded by Schwarzschild in the Schwarzschild law. 
The observations proved that distinct differences in the action of 
light on photographic plates with a like amount of light resnlt only 
from very great differences in the intensity and correspondingly 
very great differences in time. For fluctuations in intensity and 
time below these extremes the equation: J* t = const, was practi- 
cally fulfilled. Therefore we had to determine by observation, on 
account of the common analogy between light and X- or gamma- 
rays, whether a similar law may be confirmed for the action of 
X- and gamma-rays on biologic objects. 

Analogous experiments can only be performed with the use of 
the gamma-rays of radium and mesothorium because we are then 
dealing mth a continuously glowing source of light just as with 
light-waves. To attain the same dose it is necessary to use a vary- 
ing time duration of radiation when employing differently intensive 
ray sources. These variously long-time durations for all biologic 
objects harbor the source of error that the biologic object is not 
equally capable of reaction within differing periods of time. The 
error will be the larger, the greater the differences in time are, 
and the more the ability of the biologic object is to recuperate 
within these time periods. The organisms of low order, as frog 
spawn and sprouting garden beans used by us with preference as 
test objects in the biologic experiments, react already quite differ- 
ently within small differences of time on account of their rapid 
development. Their use therefore must be excluded, as a depend- 
ence of the biologic action from the intensity can only be observed 
from the employment of intensity and corresponding differences 
in the time duration of the application. 

The human skin appears to be the only usable and biologically 
comparable test object tmder like conditions within more or less 
marked differences in time. Certain limitations must be observed 
as the degree of the dryness of the skin and the homogeneity of the 
skin regions. The investigations on the dependence of the action 
of light on the intensity with like amount of light are not completely 
analogous to the experiments with X-rays, for the source of X-rays 
is not a continuous one, as the X-ray tube is operated with an 
intermittent electric current from an inductor or transformer and 
flashes up in intervals. Two ways are open to investigate on the 
skin the dependence of the biologic action from the intensity. In 
the first the Roentgen tube flashes up in equal intervals ^nthin a 
unit of time in the experiments in one instance with small intensities 
and in the other with large intensities. The intensity of the single 
flashes is of different strength and the same dose is obtained within 
different time durations. In the second way the dose is applied 
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with different intensities within the same time dnration. The time 
intervals between single interruptions (which have different in- 
tensities) of the tubes vary in duration. 

In the first instance the experiment will resemble those per- 
formed vnth light as nearly as possible. The same difficulties im- 
fortunately are observed in the biologic object in these tests which 
we have just discussed in the gammarrays^ namely, within variously 
long time durations of radiations, the ability of the biologic object 
to react changes* 

The second method does not adhere so closely to the experiments 
made on light, because in it not only the intensity but also the 
interval between the different interruptions change. However, the 
method has the advantage of applicability in all biologic objects 
because the time durations of the radiations are equal. 

Our experiments may be grouped as follows: 

1. Comparative observations on the intensity of the biologic 
action of gamma-rays of radium and mesothorium with the same 
dose but different intensities. 

2. Comparative observations on the intensity of the biologic 
action of filtered X-rays with equal dose, equal light intermissions 
but different intensity and time duration of radiation. 

3. Comparative observation on the intensity of the biologic 
action of filtered X-rays of like dose, like time duration of radiation 
but different intensities and light intermissions. 

Comparative Investigations on the Intensity of the Biologic Action 
of Gamma-rays of Radium and Mesothorium on the Skin, with 
Like Dose but Different Intensities, 

We used two flat mesothorium capsules, which possessed a great 
difference of radiation energy in their activity. We equalized this 
difference in the intensity by means of different time durations of 
the radiations to obtain like doses. We fully recognized that cer- 
tain differences in the dosation were unavoidable, though the meas- 
urement of the activity was performed with exactness. The differ- 
ence resulted from the distribution of the radio-active salt in the 
capsules and the importance of the law of squares even when the 
same distance of the capsules from the skin was maintained. The 
gamma-ray activity of the capsules was 9 and 35.5 mg. radium 
element The capsules had about the same length, a diameter of 27 
mm., and a thickness of 4 mm. 

Both capsules were contained in a cylindrical brass filter box 
of a wall thickness of 1,5 mm. See Fig. 48. It was mounted on a 
hard rubber ring, which was attached to a celluloid plate of a tliick- 
ness of 5 mm. The celluloid extended over the hard rubber ring 
for 2 cm, all around. The distance of the mesothorium capsules 
from the skin was 15 mm. 

Course of the Observation. — The observations were made on the 
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skm at two homogenously located regions of the right and left 
forearm* Field a was radiated with the capsule of 35,5 mg, radium 
element, field b with the capsule of 9 mg, radium element activity. 
The duration of the application to field a was 50 hours, that to 
field b was 200 hours. 

To obtain like results in fields a and 6 for subsequent observa- 
tions the time duration of the application of the 35.5 mg. capsule 
was arranged so that it fell within the middle of the total time 
duration of the radiation in field 6. 

Extract from the observation journal. 

Field a. Field b. 



Begitming of r€tdiation: Maj 14, 1916, at 
12.30 P.M., with 35.5 mg. R&, el meao- 
thorium' capaule. 

End of radiation: May 16, 1016^ at 2.^0 
P.M. 

Dayi of ohservation: 

May 26: DiffuBe reddening without forma- 
tion of bliHter. (Fig. I, Uble XIX.) 

May 29: Distinct blister formation in the 

center of the erythema, (Fig. 3, table 

XIX. y 
June 2: Blister ruptured, new red akitt in 

region of blister* Formation of scab with 

raised edges. (Fig. 6, table XIX.) 
June 9; Marked formation of scab and 

crust (Fig. 7, table XIX) 
July 7: The crust has been partly shed at 

one place, and partly reformed at another 

place. Distinct tendencies to heaL (Fig. 

9, Uble XIX.) 
July 18: Scab is slightly adherenti beneath 

it distinct evidences of healing, (Fig. II, 

Uble XIX.) 
Last observation at tli« end of August. 

Healing without scar-formation. 



Beffxfming of radhtion: May 11, 1916, at 

9*30 A.M,, with 9 mg, Ra. el. mesothorium 

capsule. 
Snd of radiation: May 19, 1916, at 5.30 

PJi. 
Dikfft of ob§trw^iion: 
May 20: Diffuse reddening with distinct 

formation of vesicles in center. (Fig. 2, 

table XIX. ) 
May 29: The blister opened, beneath it 

new red skin. (Fig. 4, table XIX.) 

June 2: Beginning of formation of seab^ 
which surrounds, walMike, tlks new red 
•kin. (Fig. 6, table XIX.) 

June 9: The crust has separated at a plaea 
to the right (Fig, 8. Uble XIX.) 

July 7 : Formation of new scabs which had 
been shed. The entire field has essentially 
decreased in size. (Fig. 10, table XIX.) 

July 18: A cruet, sIm of a dime, still re- 
maining. Young red skin beneath the de- 
Uched crust. ( Fig. 12, table XIX. ) 

Last observation at the end of August* 
Healing without scar-formation. 



Result. 

A dependence of the intensity of the biologic {iction is not recog- 
nizable within a difference of intensity of 1 : 4 of the rays. The 
same reaction occurs with the same dose. 



Comparative Observations upon the Human Skin on the Intensity 
of the Biologic Action of Filtered X-Rays with the same Dose, 
same Light Intermissions but different Intensities and Time 
Durations of the Radiations. 

The observation was made at the time of the treatment of a 
patient suffering from an inoperable ovarian carcinoma. Two 
homogeneous skin regions of the abdomen, to the left and to the 
right of the median line, were used for the radiation. The radiation 
was performed in such a manner that the skin area a was treated 
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with low intensities of X-rays, and area b with intensities of X-rays 
as high as possible. The proportion of the intensities was obtained 
from the time duration within which the dose was achieved on ihe 
two fields. The time duration for field a amounted to 691 minutes, 
for field b 86 minutes. The filter consisted of 10 mm* aluminum. 
The dose was 230 e in both instances. 

Extract from the observation journaL 



Field «L 

Rmdlation with low intendty, 
Duff tyf radiation: Nor. 6, 1910. 
Daif» of ob$etvation: 
Dec, if 1916: Slight acneUke reddish dis- 

colorfttiou in the radimtlDii field. (Fig. 

1, table XX.) 
Dec. 11 > 1016: Mor^ confluent erythema 

of arat degree, ( Fig. 3« Uble XX.) 

Jan* 2, 1917: Erythem* lift* difttppeAred; 
light browning of ikin present. (Fig. 5, 
tftbl« XX.) 



Field h, 

Radiftttoa with high intensitj. 

Day of radiation: Nov, 0, 1916* 

Days of obtervQtwn: 

Deo. 4, 1916: Acne-like reddening more 
pronounced th&n in field o. {Fig. 2, ta- 
ble XX.) 

Dec. 11, 1916: Confluent erythema of first 
degree with iaoUted vesicle formaticm. 
(Fig. 4, table XX.) 

Jan. 2, 1917: The erythema b^ne to heat 
The ekin has been partly removed in 
small islands* Tlie vesicles have partly 
dried tip with the formation of scabs. 
(Fig. 6, Uble XX.) 



Three additional parallel observations are also at onr disposali 
which we will not record, as they revealed about the same results- 



Result 

Within a difference of intensity of 1 :8a dependence of the vn^^ 
tensity of the biologic action on the intensity of the rays is recoff- 
nizable with like doses. With like doses the stronger reaction takes 
place with the higher intensity^ 

Comparative Observations on the Intensity of the Biologic Action 
of Filtered X-rays with Like Dose^ Like Light Intermissions but 
Different Intetisities and Time Duration of the Radiations on 
the Human Ovary. 

The determination of the ovarian dose with a low limit of 33 e 
when radiating with X-rays rendered it possible to establish the 
importance of the intensity of the rays with like doses for the 
intensity of the biologic action on the ovary. 

If we radiate a myoma through the abdominal wall with one 
field and place the ionization chamber at the ovary through the 
rectum, then the dose is attained, depending on the thickness of the 
overlying tissues in fat women within a longer time, and in lean 
women within a shorter time. The differences may be considerable 
and may be expressed in the proportions of the time durations of 
the radiations which may be as 1 : 4. The conditions therefore are 
similar to those on the skin, where we also determined the ratio 
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of the intensity of the rays from the differences in the time dura- 
tions of the application of the rays. 

We will report a few of the clinieal histories* We shall group 
them so, that the cases are placed on the left side in which a high 
intensity of the rays, measured at the ovary, prevails ; on the right 
side the eases in which a low intensity of rays, measured at the 
ovary, prevails. 



Mr*. J^ &Q ye&ri old. Ut«niB royomato* 
ffU. Utemi somewhat enlarged. Dme of 
33 e Is applied withjn 96 roUiut^s. Amen- 
OTThea alter eight wedcj* Utenia amalJ. 



)£ra, Gm 53 years old. Utenia size of a 
small fiftt. Severe meaorrhagiaa. The doae 
of 33 e ia given within 184 minuter. Amen- 
orrhea after ten daya. Examination four 
montha following radiation reveala a quite 
amall, movable ut^rua. 



Do*e = 3Ta. 



lira, D.» 41 year? old. Uterua chang^ 
into a tttmor size of a flat. Severe men- 
orrhagiaa. The doee of 37 e is given within 
U7 minutes. Amenorrhea after five weeks. 
Examination after seven montha: Tumor 
disappeared. 

Mrs. R., 47 years old, Hetropathy. Se- 
vers menorrhagiaa. The dose of 37e is 
given within 90 minutes. Amenorrhea after 
six weeks. 

Mrs. L., 3S years old. Myoma uteri. 
TtuDor size of three fists. Dose of 37 e at^ 
tained within 135 minutes. Amenorrhea 
ftfter two months. 



Mrs. B., 3S years o1d« Uterus si^e of a 
fist. The dose of 37 e is attained within 
243 minutes. Amenorrhea after fourteen 
days. Examination after three months: 
Tumor completely gone, 

Mrs. V.p 50 years old. tlteraa retro- 
flexed. Medx>pathy. Severe menorrhagiaa^ 
Tha dose of 37 e is given witbiu 333 min- 
utes. Amenorrhea after fourteen days. 

Mrs* !*♦ 49 years old. Tumor sixe of a 
man's head The dose of 37 e is given 
within 342 minutes. Amenorrhea after two 
months. Examination after four months. 
Tumor liia of a child's head. 



Result 

In the radiation of myomata and hemorrhagic metropathies the 
intensity of the biologic action on the ovary with like doses is tn- 
dependent from the intensity of the rays within the limits of 1 : 4. 

Comparative Observations on the Intensity of the Biologic Action of 
Filtered X-Rays with Like Dose, Like Time Duration of Radio- 
tion but Different Intensities and Light Interruptions, 

Of the apparatus at our disposal for these comparative in- 
vestigations, the TJnipnls apparatus and the Apex instrmnentarium 
of Reiniger, Gebbert and Schall appeared to be the most snitable. 

The Unipuls apparatus enables one to produce single impulses 
of very high intensities by a corresponding change in the propor- 
tions of the primary and secondary wiring of the transformer and 
a proper interrupter. The interrupter had been exclusively con- 
structed for diagnostic purposes, the delivery of a single impulse 
was executed by a manual manipulation. As many single impulses 
are necessarj^ in therapy^ the interrupter was connected with an 
electric motor. The number of the single impulses could thus be 
regulated wthin certain limits and was about 36 per minute. 
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The Roentgen-tubes used for diagnostic purposes for the tmipnlB 
Bimpshotfl are rather soft^ so they can hardly be employed for 
tberai>eutic purposes with filtered X-rays* 

The duration of the life of these tubes with long-continued 
therapeutic radiations is also a short one. We therefore employed 
the Coolidge tube and observed that it sufficed for our experiments. 
The temperature of the cathode could be increased by the filament 
current to such a degree that it took the high intensities of the 
current of the single impulses, and at the same time the desired 
liardness or potential at the terminals of the tube could also be 
easily attained. 

This apparatus was employed for the radiations with high in- 
tensity and long light interruptions. 

For the radiations with low intensity and short light interrup- 
tions the Apex instrumentarium with gas interrupter was employed. 
Here also a Coolidge tube of the same type was used. 

The objection might be raised that our dosimeter would not 
permit to measure the dose in an unobjectionable manner because 
the apparati produce X-rays of such varying intensities. The 
saturation current might not be attained due to the great density 
of the ions in the ionization chamber produced by the single impulse. 
Investigations in this direction revealed that these sources of error 
did not obtain. 

We performed the experiments on the frog spawn as biologic 
test object. We may use the latter in these experiments, because 
the dose is applied within the same time duration of the radiation. 

The course of the experiment adhered closely to those used in 
our earlier biologic experiments. The same radiation stands and 
vessels were used. The filter consisted of 3 nmi. aluminum to ren- 
der the intensity of the Unipuls apparatus as high as possible and 
yet obtain a radiation possessing a definite hardness. 

Course of the Experiment. — The test objects were a spawn 
clump of a pair of rana esculenta. The embryos already had at- 
tained form within the membranes. (Fig. 1, table XXI.) The 
clump w^as divided into three parts each of 100 animals. One part was 
radiated with the Unipuls apparatus and the second with the Apex 
instrumentarium, while tiie third served as control. The dose in 
both parts was 125 e. The number of single impulses, within which 
the doses was applied by the TTnipuls machine was 36, the number 
of interruptions of the Apex machine amounts to 2160 per minute. 
The total time duration of the radiation with the Unipuls was 193 
minutes, that with the Apex 201 minutes. The ratio of intensity 
can be calculated for both instruments, it is about 1 : GO. 

Extract from the observation journal. 

Dvy of radiation: Maj 24. 

t>ny9 of ohtrTvaiion: June 2. The lamt b«Te left the membranes uid sUri to iwte 
§k9i$t, Tbt rftdimted aniixuiU of both groups bare sbown during tbe last few dajB ermp* 
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toms of radiation disease. The radiation symptoma are seen more nmnerouBly in tbe 
radiated animals of group 1, i.e., about 39 larvst, than in those of group 2, about 8 larvie* 
The aymptoms appear to be more distinct in the animab of group i» (Fig, 2, tJable XXI,) 
All the controlB are living; one animal each in group 1 aa well aa in group 2 died. 

June &— An additional 22 animals of group 1 show distinct symptonia of disease and 
an additional three animals have succumbed. Onlv one additional animal of group 2 
shows s^rmptoms of radiation diseaaeY and an additional two are dead. The controls are 
all alive. 

June 10 — All the larvse of group 1 evidence distinct sjmptomB of radiation diaeaae; 
onl7 eight additional animals of group 2 show nymptoma* ( Fig. 3, table XXI.) 

The number of larvse showing distinct symptoms increased 
slightly during the continued observations. However, it is shown 
that the mortality is much greater in the animals of group 1 than 
in those of group 2, We reproduce a table which shows the number 
of living animals in each group at the time of the successive 
observations. 









Number of 


Number of 








living 


bving 


Day of 

obeervation after 

radiation 


Nomber of 

living 

eootrol animals 


animals 

Unipula 

apparatua 


animals 
Apex 1 nst ru- 
men tan um 


7th 


day 


im 


100 


100 


Oth 


a 


100 


09 


i» 


10th 


u 


100 


99 


99 


12th 


H 


100 


96 


M 


14th 


u 


lOO 


85 


88 


16th 


«4 


100 


77 


68 


17 th 


w 


100 


68 


BS 


20th 


«« 


100 


66 


88 


21flt 


H 


100 


66 


88 


26th 


«f 


99 


49 


88 


27th 


CI 


99 


45 


88 


29tb 


U 


98 


38 


88 



Control Experiment. 

Course of the Experiment,— The spawn elmnp of a pair of rana 
esculenta served as test objects. The embryos had assumed form 
within the membranes. The clump was divided into three parts, 
each of 100 animals. Part 1 was radiated with the Unipuls appa- 
ratusj part 2 with the Apex instmmentarimn, while part 3 served as 
controls. The dose applied to groups 1 and 2 was 155 e. The 
number of the impulses of the Unipuls apparatus was 36 per minute, 
while the interruptions of the Apex instrument were 2160 per 
minute. The total time duration of application of the radiation 
wth the TTnipuls apparatus was 240 minutes, with the Apex in- 
strument 213 minutes. The ratio of intensity may be calculated 
and is about 1 : 50. 



Extract from the observation journal 

Bof of radial ion* May 25. 

Bofa of obsen^ation: Msy 30 — Eighteen animals of group 1 show distmct eymptcmi 
of radiation disease; fifteen animals of group 2 also have symptoms. 
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Comparative Observations on the Intensity of the Biologic Action of 
X'Rays when Applied to the Skin in one Dose or Interval Doses* 

Course of Observation, — The latter was made at the time of the 
radiation treatment of a patient Buffering from an inoperable 
ovarian carcinoma* 

The radiation was applied in such a manner that one skin region 
received one dose of 215 e, while the other homogeneous region 
received the same dose, but evenly distributed to tliirteen sittings 
on thirteen consecutive days* 

Extract from the observation journal. 



Field a. Radiation with X-raya filterwl 
with I mm, copper. Application of 216 e 
in one aitting. 
Daj/ of radiation: Sept 25, IdlS. 

Days of obaerration: 

Oct. 14, 1915 1 Beginning of distinct brown- 
ing of a am all degree. 

Oct 20, 1916: Distinct erythema of first 
degre« of a redd i ah color. 

Oct. 20, 1916: Moderately marked ery- 
thema of first degree. {Fig. 1, table 
XXIL) 

Oct. 30, 1915: Marked reddemog with 
formation of Yeaiclet. 

Nov. 6, 1915: The veeiclea begin to raise. 
More pronounced erythema. (Fig. 3^ ta- 
ble XXIl.) 

Nov. 10, 1915: One^half of the field has 
peeled; beneath it dry. new skin. 

Nov. 17, 1915: Field shows new. regener- 
ated skin. (Fig. 5, tabte XXII.) 

Nov. 26, 1915: Normal skin. 



Field h. Radiation with X-rays filtered 
with I mm. copper. Application of 205 e 
in thirteen sittings, each of 16.5 e. 

DayM of rodiiatian: Sept 27, 1915, to Oct 
11, 1915. 

Days of observation: 

Oct 14, 1916: No reaction. 

Oct 20, 1915: No reaction. 

Oct. 26, 1916: Slight follicular reddening. 
(Fig. 2, table XXU.) 

Oct 30, 1915: Same finding. 

Nov. 6» 1915: Aim oat the same finding. 
(Fig. 4, table XXIL) 

Nov. 10, 1015: Slight reddening, erythema 

hardly of the first degree. 
Nov, 17, 1916: Erythema fading. (Fig. 6, 

table XXIL) 
Nov. 26, 1915: Normal akin. 



Control Observation. 
The details were the same as described in the previous ex- 
periment. 



Field a 

Day of radiation: Sept 24, 1915. 

Days of ohtervation: 

Oct 30. 1915: No reaction. 

Nov. 10, 1916: Beginning of mild ery- 
thema. (Fig. I, table XXIII.) 

Nov. 17, 1915: Completely developed ery- 
thema of first degree. (Fig. 3, table 

xxni.) 

Nov. E2, 1916: Erythema changed to a 

blue red with extensive formation of 

vesicles. 
Nov. 24, 1915 1 Erythema begins to fade. 

The super ficial epidermis peels off in dry 

lamella, beneath which new skin is seen. 

No secretion. 
Nov, 27, 1915: The desquamation has 

been completed excepting a few islands; 

beneath it new skin. (Fig. 5, table 

xxm.) 

Dee. 2, 1915: Normal skin. 



Field b 

Daffi of radiation: Sept 25 to Oct 9, 1915. 

Days of obMervation: 

Oct. 30, 1915: No reaction. 

Nov. 10, 1916: No reaction. (Fig. 2, ta- 
ble XXIIL) 

Nov. 17, 1916: Very slight scarcely visi- 
ble reaction. (Fig. 4, table XXIII.) 

Nov. 22, 1915: Reaction disappeared. Nor* 
ma I skin. 

Nov. 24, 1915: Normal skin. 



Nov. 27, 1915: Norma! akiix. (Fig. 6, 
table XXni.) 



Dec. 2, 1916 1 Normal skin. 
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From these ohservations we conclitde that with like dose and 
tike intensity the degree of the biologic action of X-rays filtered^ 
with 1 mm. copper is not the same, if we apply the total dose in 
one sitting or in daily interval sittings of one-tenth dose. The 
dose applied in one sitti^ig has a markedly stronger biologic action 
on the skin surface than the interval dose. 



Comparative Observations on the Intensity of the Biologic Action 
of Oamma^Rays of Mesothorium when Applied to the Skin in 
One Dose and in Multiple Interval Doses. 

Covrse of Ohserimtion. — The latter was made on our own skin* 
Two homogeneous regions of the skin surface were radiated. The 
radiation was made with a mesothorium preparation of a radio- 
activity equivalent to 35.5 mg, radium element enclosed in a flat plati- 
num capsule. The capsule was enclosed in a brass-filter of a thickness 
of 1.5 mm. It rested on a hard rubber ring, which was fixed to a 
celluloid sheet of a thickness of 2 mm. (See Fig. 61.) The distance 
of the brass-filter from the skin was 15 rom. 

Field a was radiated in one sitting of a duration of fifty hours. 
Field 6 was radiated for five hours on ten consecutive days, i.e., 
in interval doses. 



Field «. Time duration of radiation, fifty 
eotiaecutive hours from 8 P3L, April 8, 
lfll5, to 10 P.M„ April 10, 1915. 

Daya of ohserfXition .* 

April 23: Skin reaction not ytaible. 

April 25: In the center of the field a few 
skin follicles begin to redden. 

April 27: The follicle reddening ia dis- 
tinctly marked. (Fig, 1, table XXIV,) 

May 2: The follicular reddening in cen- 
ter haa become more intensive. 

May 9: The central follicular reddening is 

now confident. 
May IG: In the center of the confluent 

follicular reddening a small part of the 

superlleial epidermis is raised in the form 

of a vesicle. 

May 19: The central erythema is secreting 
and covered with a thick scab. (Fig. 3, 
Uble XXIV,) 

May 23: The scab eommeooM to separate. 

May 26: The scab has become separated 

almost entirely. 
May 31 : Half of the scab has dropped off. 

(Fig. 6, table XXTV.) 
June 6: Scab feU off. 
June 10; Slight radiant scar. 
June 20: The soft radiant scar is still 

visible. 



Field ^. Radiations in sittings of fiv^ 
hours each, from & A.M. to 2 P.M. daily 
from April 11, 1916, to April 20, 1915. 

Days of fthservafion: 

April 23: Skin reaction not %*i8ible, 

April 25: In the center of the field very 
slight signs of reddening of hair folliclea. 

April 27: FolHcle reddening scarcely visi- 
ble. (Fig. 2, table XXIV.) 

May 2: The central follicular reddening it 
more diettnctly marked, yet leas inten- 
sive than in field a. 

May 9: The central follicular reddening 
starts to confioit* 

May 16: The confluent central follicle for- 
mation has increased somewhat in in- 
tensity. The superficial layer of the 
epidermis is not raised and vesicles bava 
not formed^ 

May 19: Scab forxnation does not occur 
because %'e9ic1es have not formed* (Fig. 
4, Uble XXIV,) 

May 23: The erythema fades without hav- 
ing formed a scab* 

May 26: The erythema almost completely 
gone. 

May 31: Erythema healed without forma- 
tion of scar. (Fig. 0, Uble XXIV.) 



June 20: Normal skin free from sears. 
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Control Observation. 

Course of the Observation,— The details correspond in every 
point to those above described, with the only difference that the 
celluloid plate of 2 mm. was replaced by one of 5 mm. to assure 
an arrest of the secondary beta-rays arising in the metal filter. 

Field a is radiated with the same mesothorium preparation 
described in the preceding observation for a time duration of fifty 
hours, from 10 A.M,, July 31, 1915, to 12 RM,, August 2, 1915. 

Field 6 is radiated five hours each on ten consecutive days, 
always in the afternoon from August 2, to August 12, 1915, in- 
elusive. 



Field u. Radiation from 10 A,M,, July 31* 
1915, to 12 noon, Aug. 2, 1915. 

J>ay« of ohsenxttion: 

Aug* 14; No reactioti. 

Aug. 18: Very light, beginning reddening. 

Aug. 28 1 Distinct reddening in the eenter 
of the radiation field, 

Sept. 2: Pronounced confluent reddening 
in center of field. The most «u|>erficial 
layer of the epidermis ia railed in form 
of a amall blister. (Fig. 1, table XXV,) 

Sept, 7: The veaicle has opened in its en- 
tire extent. 

Sept 12: In place of the blister a secret- 
ing surfaoe. 



Sept. 15: Formation of a scab in place of 
the detached vesicle. (Fig. 3, table 
XXV.) 

Sept, 20: Half of scab has dropped off; 
progressive heali ng. 

Sept. 25 : Scab almost eomplctely detached, 
A fine, slightly reddened scar correspond- 
ing to the place of the detached scab. 
(Fig. 5, Ubie XXV.) 



Field 6. Hadiations afternoons from Au- 
gust 2 to August 12, 1EI15, inclusive. 
Days of ohBervaiion: 
Aug. 14: No reaction, 
Aug, 18: No reaction. 
Aug. 28: No reaction. 

Sept. 2: Beginning of a Tery faint redden- 
ing in the center of the radiation field. 
(Fig. 2, table XXV.) 

Sept. 7: Distinct reddening in center 

Sept. 12: The most superficial layer of 
the epidermis has been detached in tho 
form of a blister. Secretion is just be* 
ginning. 

Sept. 15: Krytbema much lighter than in 
field a. Slight secretion* but no forma- 
tion of ftcab. (Fig. 4, table XXV, ) 

Sept. 20: Beginning to heal. A scab has 
not formed. Secretion disappeared, 

Sept. 25: A scar formation did not de- 
velop. (Fig. 6, table XXV.) 



Another Control Observation. 

The details of the observation differ from the previons ones in 
so far as the intervals of the dose have been extended to twenty- 
five days. 

Field a is radiated with the same mesothorium capsnle nsed in 
the preceding observations in one sitting of fifty hours from 12:30 
P.M., Augnst 18, 1915, to 2 :30 P.M*, August 20, 1915. 

Field & is radiated daily for two hours on twenty-five successive 
days, namely, from August 20, 1915, to September 13, 1915, in- 
clusive. 



Field a. Radiation from 12.30 P.M., Ang. 

18, 1016, to 2.30 P.M., Aug. 20, 1015. 
Days of observation: 
Sept. d: No reaction. 



Field K Radiation daily' for two houn 
from Ang, 20 to Sept 13, 1016, inclusive. 

Days of ohservation: 

Sept. 7 1 On account of the frequent re- 
moval of tlie cnpBule, the skin is irri- 



RADIOTHERAPY 



171 



Sept. IS: Begtnning of Jistinet reddening 
in the center of the radiatton field. 

Sept. 15: Difitinct central reddening. (Fig. 
1, Uble XXVI.) 



Sept. 27: Distinct formation of icabi 

upon a red base. (Fig. 3» table XXVI.) 
Oct. 2: Reddening commences in the Bur- 

Toundings of the scab. 
Oct. 5: The reddening becomes more in* 

tensive; tbe scab atao increases Tiaablj 

in size. 
Oct. 8: The scab is the sixe of a dollar 

and surrounded bj an intensely infLam- 

matory reddening* (Fig. 5, table 

XXVI.) 

Oct. 12: Almost the same findings as on 

Oct. 8. 
Oct. 14: The reddening begins to heal; the 

heavy scab dries up. 
Oct. 16: The reddening has completely 

disappeared, scaling off of the scab* 
Oct. 18: Scab has completely dropped off; 

large, radiant scar. 
Oct. 20 : The same findings. ( Fig. 7, table 

XXVt.) 
Oct. 23: The same findings. 
Oct, 30: White, radiant scar* 



tated in varions places, due to the ad* 
hesive plaster. A reddening in the cen- 
ter is clearly yisible. 

Sept. 15: Superficial loai of epithelium in 
the center and brown red diaeoloration 
of the extra peripheral space. Proba- 
bly due to the irritation caused by the 
frequent removal of the capsule. (Fig. 
2, table XXVI.) 

Sept 27: Distinct formation of scab in 
center. (Fig, 4, Uble XXVI.) 

Oct. 2: The scab begins to separate gradu- 
ally. 

Oct* 5: Half of the scab has dropped off. 
The epidermis of the surroundings has 
become detached in large lamelUe. 

Oct. 8: Two-t birds of the scab has dropped 
off. In the surrounding r^on normal 
skin is again seen beneath the epidermis 
that became detached by the blisters. 
(Fig. 6, table XXVI.) 

Oct. 12: Almost the same findings. 

Oct. 14: In place of scab a radiant scar 

appears. 
Oct, 16: Only a small remnant of tbe scab 

is seen. 
Oct. 18: Radiant scar of mean intensity. 

Scab dropped off. 
Oct 20; Same findings as Oct 18. (Fig. 

8, table XXVI.) 
Oct 23: Same findings. 
Oct 30: White, radiant seor of scarcely 

half of the intensity as in field a. 



Besidt 

With like dose and like intensity the degree of the hiologic action 
is not the same if the dose is applied in one sitting or in daily in-, 
terval sittings on 10 respectively on 25 successive days. The single 
application of the dose has a stronger hiologic action on the slcin^ 
than the interval applications of the same dose. 

Summarizing the results of all these experiments it has been 
demonstrated that the intensity of the hiologic action is not the 
same if the dose is applied in one sitting or in divided sittings. The 
single dose is hiologically more intensely active than the interval 
doses. 



Biologic Obienrationi on the Influence of Factor* Like Dia* 
thermy, Heat» Secondary Radiations on the Intensity of 
the Biologic Action of X- and Gamma-Rays 

Attempts have been made to inflnence the intensity of the biologic 
action of X-rays by combining the X*rays with other procedures, 
A comprehensive literature about such combined procedures has 
been placed before us and we refer amongst others to the monograph 
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of Miiller-Immenstadt who has particularly emplayed siieh combined 
procedures in the treatment of cancer. These high frequency currents 
have been used to decrease the biologic action of X-rays under certain 
conditions, for instance to desensitize the skin. Others have used 
diathermy to increase at selected places of the biologic object the 
biologic action of rays, for instance to induce an increased action on 
the carcinoma. Further hot and cold applications have been made 
use of, respectively chemical means, as adrenalin^ have been em- 
ployed. Finally secondary radiations have been applied as factors to 
decrease or increase the biologic action* 

The clinical proof of the importance of these factors meets with 
great difficulties, because so many other factors must be reckoned 
i^^th in such clinical questions, which compel us to be very con- 
servative in our conclusions. 

In the experimental biologic tests of these combined procedures, 
even with more simple conditions of the experiment, difficulties are 
encountered and we could consider only uncomplicated procedures 
within the limits of our experimental investigations. We next will 
attempt to solve by experiment the question: Is the intensity of the 
biologic action of X-rays influenced by diathermy! 



The Influence of Diathemiy and Heat on the Intensity of the 
Biologic Action of X^Rays 

Diathermic currents increase the temperature of the biologic 
object through which they pass. The stronger the diathermic current 
the higher the temperature rises in the biologic object with otherwise 
like conditions. 

Two effects may thereby occur in the biologic object: 1, The 
effect of heat, and 2, the effect of electricity. 

Before we begin the investigation of the influence of diathermy 
we must determine whether a difference in the biologic action exists 
between the application of ordinary heat and that produced by 
diathermy. We investigated this problem in frog larvie and chose 
the following arrangement of the experiment. The stand for carry- 
ing the frog larvFB was placed into the glass bowl G (Fig. 50), so that 
the larvaB were kept 5 cm, beneath the surface of the w^ater. At two 
diametrically opposed places of the glass vessel were placed two 
electrodes E of silver sheeting, 12 cm. long and 8 cm, wide, wiiich 
served to conduct the diathennic current through the pond water, 
and therefore also through the frog larvae. The temperature raised 
in the water by the diathermy current w^as determined with the 
thermometer Th. This arrangement served for the heating of the 
frog larvse by diathermy. A second vessel of the same dimensions 
served for the increase in temperature of the frog larvse by the 
application of heat. The arrangement of the experiment was other- 
wise like the one described previously. Naturally the electrodes of 
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the diathermic current were absent. To increase the temperature 
of the water, the glass trough 01 was placed in a larger one 02, in 
which warm water was kept circulating. The glass trough 02 was 
surrounded with the heat protector W, 

Course of the Experiment, — The spawn clump of a pair of rana 
esculenta served as test object, the larvae had already assumed form 
within the membranes. The frog spawn was divided into three parts. 
The first part was exposed to the diathermic current* The source 
of the diathermic current was a diathermy apparatus of Siemens and 
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Halske, provided ^^th a safety spark gap. The strength of the 
diathermy current in the glass trough was regulated so that the water 
increased from the room temperature of 16° C. to that of 30*^ C, and 
was kept constant at this point. The current was on an average 
0.5 ampere. The second spawn clump was also heated to 30** C, and 
kept constant at this temperature by water circulating around the 
glass trough Gl. A third spawn chmip finally served as a control. 

The spawn was kept for three hours at a temperature of 30** C. 
The time period corresponded to the one required for the application 
of the X-ray dose. 

A series of experiments were made. The results are as follows : 
An increase of the temperature of the frog larva? from 16*" to 30° C. 
has no damaging influence on the development of the larvae, it does 
not matter whether the increase in temperature was caused by 
diathermy or ordinary heat We saw, in conformity with other 
authors, that the elevation of temperature was followed by a hasten- 
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ing of the developmeDt of the frog spawn dnring the time of the 
increase in temperature in comparison to the controls. The larvse 
subjected to heat showed dnring the three hours a veritable advance 
in development while the controls did not develop any further. The 
phenomena were the same whether the increase in the temperature 
of the frog spawTi was attained by diathermic currents or by the 
application of heat» 

The diathermic current purely asserts an effect of heat An 
electrical effect could not be observed. An increase in temperature 
to 40^ in both groups caused the same mortality in both groups. 

In these experiments the strength of the diathermic current which 
circulated through the water was maintained at 0,5 ampere, as other- 
wise too high an increase in the temperature of the frog spawn would 
have occurred. 

To find out whether an electrical effect perhaps might be recog- 
nized if a much stronger current permeated it, the details of experi- 
ment had to be changed. 

The resistance of the pond water was so great that stronger cur- 
rents of the diathermy apparatus could not be passed through it. 
We, therefore, used an addition of sodium chloride of 1 per thousand 
to increase the conductivity of the water. Sodium chloride had no 
visible influence on the development of the frog larvae. As the tem- 
perature of the water would become too high with stronger diathermic 
currents, it had to he reduced by a proper cooling system. This was 
obtained by the use of a glass spiral pipe S, placed in the glass 
trough, through which cold water was kept running. The cooling 
pipe enabled one to keep the temperature constantly at 30° C. The 
diathermic current could thus be raised to 1,5 ampere. 

The results obtained with this increased current remained exactly 
the same as in the preceding experiments, i.e., in spite of the increase 
in the strength of the current, the frog spawn exposed to the higher 
current did not show any changes in development in comparison with 
those kept at a temperature of 30° for three hours in the water by 
the simple application of heat. Here also the effect of heat was solely 
active in spite of the increase in the diathermic current. 



In the experiments just described we observed the effect of dia- 
thermy and application of heat on the frog larvse and saw that they 
were essentially expressed in a more rapid development of the frog 
larvae during the time of increase in temperature. We may now pro- 
ceed to the investigation of the combined procedures, diathermy and 
X-rays as well as heat and X-rays. 

We carried out the experiments as follows: We compared the 
intensity of the biologic action of the roentgen dose on frog spawn 
kept at a room temperature of 16"* C, with the intensity of the bi- 
ologic action of the same roentgen dose on frog spawn, the tempera- 
ture of which was increased to 30° C, by diathermy, and further with 
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the intensity of the biologic action of the same roentgen dose on 
frog spa^n the temperatnre of which was elevated to 30'' C. by the 
application of ordinary heat 

The details of the experiments were as follows : 

The glass trough 01, in which the frog spawn was placed 5 cm. 
beneath the surface of the water, was heated at one time by diathermy 
and at another by heated water circnlatiBg around it. The X-ray 
tube R was placed above the vessel at a focal distance of 50 cm* The 
filter consisted of 10 mm. aluminum. 

Course of the Experiment. — The frog spawn of a pair of rana 
escnlenta served as test object. The larvae had already assumed form 
within the membranes. The spawn was divided into three parts, each 
of 100 larvae. The first part was exposed at the same time to dia- 
thermic currents and X-rays. The intensity of the diathermic cur- 
rent within the glass trough was regulated so that the water was 
increased from the room temperature of 16"* to SO"* C, where it re- 
mained constant. The current had an average strength of 0,5 ampere. 
The roentgen dose applied was 125 e. The radiation was begun as 
soon as the temperature of the water had been raised to 30° C, 

The second part of the frog spawn was placed in the same glass 
trough and in the same place. The temperature of the water was 
kept at the room temperature of about 16° C, The dose applied was 
also 125 e with the same filtration and the same duration of radiation. 

The tliird part was kept at a room temperature of 16*" C. It was 
not radiated and served as control. 

At the close of the radiation the larvae were reared in the cus- 
tomary manner. 

Extract from the observation joumaL 

Dajf of rtiHiatutn: May 29, 1016, 

Da If* of oh9ervat%on: 

June 8 — All the larv« Have left the membranes. The radiated animala do not show 
any distinctly marked symptoms of the radiation diseaae, 

June 14 — Of the radiated animalg kept at room tempers tiire eleven have died with 
character! atio symptoms of the radiation sickness. An additional fifty-four larve evi- 
dence distinct Bymptoms of the disease. 

Of the animals subjected to diathermy and radiation none have succumbed so far, 
but eighty show distinctly marked symptoms of radiation disease. 

Ti^o of the controls have died. The others are all living and of normal development. 

June 21^-Of the radiated animals kept at room temperature fifty-five are dead« The 
remaining larv« show characteristic symptoms of radiation disease. 

Of the larvw subjected to diathermy and radiation, fifty-three have died. The remain- 
ing larvte have characteristic symptoms of radiation diseaae. 

Of the controls an additional three larvie have suocumbed; the otbera show aonnal 
development. 

June 26 — ^The radiated animals of groups 1 and 2 are alt dead. 

Of the controls no additional larv» have died« 



Resvlt. 



A diference in the intensity of the biologic action of the same 
roentgen dose on frog larvm kept at room temperature and on frog 
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hrva^ the temperature of which has been raised to 30^" C by a dia- 
thermy currfmt of 0,5 ampere, is not distinctly recognizahle. 

Am hy tlin elevation of the temperature a visibly more rapid de- 
V(*lupmoiit of the frog larva* during the radiation could be recognized, 
thin obiervMtioii con t radicle in a certain sense the customary view 
that more rapidly growing cells are less resistant to radiations than 
wluwly growing ccIIh, 

W(! havi! also performed a series of experiments in which the 
fliathorinic curront was increased to 1,5 ampere^ while the tempera- 
tiiro of thts water was kejjt at IW C. by the cooling system. 

The courso of the experiment closely adhered to the preceding 
tost in every drtail; dose and filtration also remained the same. 

Thn result was the same as one would have expected from the 
IKrolimitiary tests. A recognizable influence of diathermy on the in- 
tensity of the biologic action of the X-rays was not evident. 

We hn<l denionstrat(Ml in the preliminary experiments that a dia- 
tliornuo (Mirreut which increases the temperature of the frog larv® 
to a definite degree has no other biologic action than an application 
of ordinary heat If we let a known dose of X-rays act on frog 
spawn kept at the same elevation of temperature by diathermy or 
ordinary heat, a difTerence in the biologic action will probably not 
bo »oon. Nevertheless it was necessary to confirm this by an ex- 
poriment* 

The details of the experiment were the same as stated in the pre- 
ceding paragraphs. The temperature of both radiated groups was 
80* Cn while tlie controls were kept at the room temperature of Ifi"* C, 
Tht ndiation of both groups was performed at the same time, the 
fills? WIS the same and the doses were 125 e. 

CoiirM o/ the Bxpmimemt. — ^The spawn clump of a pair of rana 
tseulenta served as test object The lame had assumed form within 
ttiji mMohn^M^ The spaw^i clump was divided into three piarte, 
tMh of lOOIarras. Two groups were radiated, the third group served 
as eontrol and was kept m the radiation room well protected from 
the rays. 

S$tinct frmm the o^Mrmltoii joumaJ. 
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Of the coniroU, nose have died. 
June 19 — All the larvse of groups 1 and 2 have perished with Bymptomfl of radiation 
disease. The survivors of the controls are all alive and are of normal development. 

Restdt.—The intensity of the biologic action of X-rays is the same 
icith increased temperature, irrespective of whether the increase in 
temperature was attained by diathermy or by applications of ordi- 
nary heat. 

Summaridng the results of all these experiments, it has been 
demonstrated in the frog larvae as test objects that diathermy and 
applications of heat have no recognizable influence on the intensity 
of the biologic) action of X-rays, 

The application of the results obtained in the frog larvae to the 
human body is not admissible. In the frog larvse the entire organism 
is penetrated by the diathermic currents and thus brought to an in- 
creased temperature, while the application of diathermy in the human 
is usually a local one, that is, only part of the organism is permeated 
and heated by the current. The cold blooded nature of the frog larvse 
also plays an essential role. The observations on the human therefore 
do not coincide with the results gained from frog larvie. In the 
human, in opposition to the observation in frog larvae, an influence 
of diathermy on the intensity of the biologic action of a known dose 
of X-rays is observed in the sense that the biologic action is generally 
enhanced by the influence of diathermy. This conclusion conforms 
to the statements in the literature and is explained by an increased 
blood supply of the tissues acted upon by diathermic currents. We 
will desist from an extensive publication of these observations at this 
time and reserve them for future publication since the experiments 
have not as yet been concluded. 

The Importance of Secondary Rays in the Radiation with X-rays or 
Rays from Radium and Mesothorium, 

If the rays of radium and mesothorium or the X-rays strike upon 
a body, then the latter gives rise to a new radiation, the secondary 
radiation. The latter may be a corpuscular radiation and a radiation 
of the character of wave rays. The role which this secondary radia- 
tion plays in the principles of radiation therapy, has been already 
discussed in the first part in reference to purely physical questions. 

In this Section we shall discuss the biologic importance of both 
kinds of these secondary rays. Two groups of observations are 
necessary. In the first group the secondary radiation arises without 
the biologic body and acts from without upon the latter. In this case 
the filter employed must be almost exclusively considered as the 
secondary radiator. In the second group the secondary radiation 
is formed within the biologic body itself. 
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Biologic Importance of the Secondary Rays arising in the Filter 
by the Use of Mesothorium and Radium-rays. 

In deep radiation filters are always used which serve the purpose 
to keep away from the biologic object the beta-rays arising from the 
radium mesothorium, because these rays have a low penetrability and 
are absorbed in the most superficial tissue layers, where they would 
produce an undesirable and strong biologic action. Filters were 
employed which according to our knowledge of known physical 
measurements would absorb the primary beta-rays arising in radium 
and mesothoriuuL From purely practical considerations, chiefly to 
prevent the choice of thick filters, one preferred filters of metals of 
high atomic weight, the so-called heavy metals as lead, gold, nickel 
and brass. 

All these filters, as is known from physical investigations, pos- 
sess the property when struck by radium or mesothorium rays, to 
send out secondary beta-rays besides the scattered gamma-rays. The 
latter are not of any importance in the present controversy as they 
possess the same characteristics as the primary gamma-rays. The 
intensity of the secondary beta radiation measured with the ioniza- 
tion method is relatively large compared to the gamma radiation, 
TVe have seen in the comparative observations on the biologic action 
of the beta-rays of uranium-x and the gamma-rays of mesothorium, 
that with the use of the ionization method as dosation method the 
beta-rays exercise the same intense biologic action as the gamma- 
rays. It was, therefore, to be expected that on account of the pro- 
portionately great intensity of the secondary beta-rays arising from 
the filter the beta-rays would partly contribute to the biologic action 
which must not be neglected. 

We have proven the correctness of this assumption in our biologic 
test object, the frog larvae. If we filter the rays of radium or meso- 
thorium with 1.5 mm. brass pins 5 nam* celluloid, the brass serves 
the purpose of arresting the primary beta-rays and the soft gamma- 
rays. The additional filter of celluloid serves to rednce to a minimum 
the considerably strong secondary beta-rays arising from the brass 
filter. Therefore if we let act on the frog larvsB at one time the rays 
of mesothorium filtered only with brass, and at the other time the 
rays filtered with brass plus celluloid, both within the same time 
period, then the biologic action of the secondary beta-rays must be 
obtained. 

Details of the Experiment, — The radium cannon served as the 
radiation apparatus. It was loaded in the usual manner, Jhe can- 
non was closed on the under surface vnth a sheet of braSB 1.5 mnu 
thick, The frog spawn was placed in two rectangular glass jars a 
and b, each had a height of 10 cm., a width of 10 cm., and a length of 
16 cm. The spawn was placed on stands so it was just covered with 
water. (See Fig, 51,) The glass jar b was covered with a celluloid 
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plate of 5 mm., while the glass jar a was left uncovered. The glass 
jars were placed close to one another so that the spawn in a and b 
was radiated at the same time by means of the cannon. The cannon 
was continuously rotated during the course of the radiation to dis- 
tribute the radiation evenly to both jars* 

Course of the ExpetimenL — The spawn clump of a pair of rana 
esculenta served as test object The eggs had so far developed that 
the embryos had left the membranes and were swimming about in 
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the water. The time duration of the radiation was fourteen hours. 
The dose was 70 e measured with the almniniim chamber dosimeter. 
The distance of the brass filter from the larvae was 3 cnu The third 
part of the frog larvae, descended from the same family, was kept as 
a control in a similar glass jar in the same location and under the 
same external conditions. 

Extract from the observation journal. 



Dttp of rad4ation: June 5. 
Jmr o without celluloid filter, 
Da^s of chservation: 
Jvae 7 — ^The larve ahow tbe 
•weUings of r&dium iickuflta. 



Teticulftr 



June 8 — All the animula are dead, with 
the obaracteristic ijniptomfl of the ra- 
dium di&eaae. 



Day of radiation: June 5. 

Jar h with 6 mm* celluloid filter. 

Da)f9 of oh^ervation: 

June 7 — The larTie ehow diatiuct ftymptomi 
of radium disease but are more livelj 
and mobile than the larvie in [ar a. 

June 8 — ^Tht anlmaU are living; the 
veflioular ewelUnga are more pronouooed. 

June 10^— A small number of the larrs 
have died. The surrivora are backward 
in growth in compariaou to the oontrola. 

June 12^-Only a amall number are still 
lliing. The flurrivors show a marked 
retardation in growth in comparison to 
the eontrola. 

June 18-^ All the animals have died. Also 
a few of the controla* 
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Result 

This experiment shows that the secondary beta-rays, arising 
from the brass filter diiriiig the radiation with radium and meso- 
thorium, have an important place in the biologic action. 

The observation has clinical importance because in deep radia- 
tion we must radiate through the skin, and the share which the 
secondary beta-rays have in the biologic action will be chiefly ab- 
sorbed in the upper layers of the skin on account of the low penetra- 
bility of the secondary rays. We, therefore, performed analogous 
observations on our skin. 

The details of the experiment conformed closely to those used 
in the frog larvsB. We could not use the large amount of radium 
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and mesothorium as in the frog larva?, as we would have obtained 
an erythema of too great an extents We used a flat mesothorium 
capsule of a diameter of 27 mm. and a thickness of 4 mm., with a 
gamma-ray radiation of 37.8 mg. radium element. 

Two homogeneous regions of the skin were radiated. The skin 
6eld a was radiated as shown in Fig. 52, The mesothorium capsule 
was mounted on a hard rubber ring which was placed on a celluloid 
plate 5 mm. thick. The latter extended 2 cm. all around beyond 
the hard rubber ring. In the radiation of the skin region b the 
mesothorium capsule was placed on a hard rubber ring without 
celluloid plate, as seen in Fig. 53. In skin field a the secondary 
beta-rays, arising from the brass filter, were arrested by the addi- 
tional celluloid filter, while in field b the secondary heta-rays acted 
upon the skin. The time-duration of the radiation was twenty-five 
hours for field a as well as for field 6. 
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Extract from the observation jourftal 



Field a 
Radiation: Oct. 15, 1915, at 12 noon, 25 
hours with meaotborium capsule equiva- 
lent to a radium element activitj of 38 J 
xng. The Hkin was protected from the 
secondary beta-raya by 5 mm. celluloid. 

Days of observation: 
Oct* 30: No reaction. 
Not. 8; No reaction, 

Nov. 13: Very light beginning follicular 

reddening. 
Nov. 17: Same findings. 
Nov. 19: Lighty confluent erythenuu 



Nov. 22: Same findings* 

Nov. 26: Same findings. 

Bee. 20: The erythema haa disappeared 
and did not progress beyond the foUicu* 
lar reddening. 



Field h 

Radialion: Oct. 17. 1915. at 8.30 A.M.. 
25 hours with mesothorium capsule 
equivalent to a gamma- ray activity of 
38.7 mg. radium element. The skin was 
not protected from the secondary beta- 
rays. 

00^9 of observation: 

Oct 30: No reaction. 

Nov. 8: Beginning of light follicular red- 
dening. 

Nov. 13: The reddening has become more 
distinct. 

Nov. 17: Light, confluent erythema. 

Nov. 10: The erythema assumes a darker 
shade and shows small vesicles at the 
hair follicles. 

Nov. 22: A blister forms on a bluish red 
base. 

Nov. 25: The vesicle has ruptnred and 
shows a secreting base. 

Dec. 20: The erythema has partly healed 
with the formation of a scab, which is 
still visible at a small place. 



Result 

This experiment shotvs the pronounced share of the secondary 
betchrays in the biologic action. 

To obtain somewhat of a quantitative presentation of the biologic 
action of the secondary beta-rays we add an absorption graph of 



m 


V 




















9a 


\ 


^. 






















^ 


^ 




, ^ 












^ 


















~ - 


II 
























^ 


t 


*^ 


\ : 


f i 


t J 


" i 


J 


' i 


-, 


^"T^ 



Fio. 54. 



mm. Cellulotd 



the rays passing throngh the 1.5 nam. brass filter from the meso- 
thorium capsule used in the last experiments, which was obtained 
by the measuring method described on page 10 of the physical part. 
See Fig. 54. 

The thickness of the radiated celluloid layer is entered in milli- 
meters on the abscissa, while the intensity of the ionization is en- 
tered on the ordinate expressed in the percentage of the surface 
intensity. We see from the course of the graph that a considerable 
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tensity of the biologic action is best represented, if the thicknesses 
of the various filters are selected so that the primary beta-rays will 
become absorbed and that the gamma-rays remaining are of an 
equal intensity after penetrating the various filters. 

We found in our physical investigations of the secondary beta 
radiation, that the gamma radiation of a mesothorium capsule of a 
diameter of 27 mm. and a thickness of 4 mm* was then the same if the 
thickness of the filter was 9.5 mm. for aluminum, 1.5 mm, for brass 
and 0,8 mm, for lead. With these thicknesses of filter the primary 
beta radiation was practically absorbed The secondary beta radia- 
tion arising from tbese filters expressed in per cent of the gamma 
radiation was 13 per cent with aluminum, 15 per cent with brass, and 
20 per cent with lead. 

The mesothorium capsule had a gamma-ray activity equal to 38.7 
mg, radium element. It was mounted on a hard rubber ring so that 
the distance of the capsule from the skin was 15 mm. See Figs. 55, 
56 and 57. 

The capsule is filtered laterally and beneath by 9.5 mm. aluminum 
in the experiment a, by L5 m m . brass in experiment b, and by 0.8 mm. 
lead in experiment c. 

To confine the action to a certain region of the skin, the hard rub- 
ber ring is placed on a celluloid plate 3 mm. thick, which arrests the 
secondary beta rays. This plate extends for 2 cm. all around beyond 
the rubber ring, while the space within the ring was left open. 

The time duration of the application was forty-five hours for 
each of the experiments. 



ft. Use of an aluiofeiuiii fil- 
ter 9.5 mm, thick. 

Radiation: 6 P3if., April 5, 
1915, left infra-clavicular 
region, 45 hours to Z 
FM,, April 7, 

Daif8 of oh^ervation: 



April 9: First appearance 
of ft alight reddening in 
center of field. (Fig. I, 
Uble XXVn,) 

April 12: The reddening in 
center^ jtiat visible* has 
not become stronger. 



April 24: The central red* 
dening grows more dis- 
tinct 



b. Use of ft braas filter 1.5 
mm. thick. 

Radiation: 8 TM„ April 
1. 1915, right infra-cla- 
Yicular region » 45 hours 
to 6 P.H., April 3. 

Dayg of observation: 

April 5: Beginning of red- 
dening in center of field. 



April 9: Keddeiung in cen- 
ter has progrewed sonie, 
but it ie just obaervable. 
(Fig. 2, table XXVII.) 



April 19: Findings as on 
April 9, 

April 24: The erythema 
has grown more distinct 
and larger. ETidenees of 
blistering appear in een- 
tar. 



c. Use of lead filter O.B mm. 
thick. 

Radiation: 9 P.M., April S, 
1915, region above xy* 
phoid process, 45 hours to 
e P.M., April 5. 

Days of ohgervation: 

April 5: Beginning of red- 
dening in center of field. 

April 6: Central redden- 
ing distinct and stronger 
tlian in Tig. 2, table 
XX vn. 

April 9: Findings as on 
April 8. Distinct central 
reddening. (Fig. 3, table 

xxvn.) 



April 24; The epidermis 
beeomea detached in cen- 
ter due to formation of a 
blister. 
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April 27: The reddening ta 
more marked^ but of m 
light decree. (Fig. 4, 
table XXVII.) 



May 19: The akin ba« 
pe«led; m center, small 
scar with slight mottling. 
(Fig. 7. table XXVIL) 

June 15: Barely visible 
euper^cial tear. Obaer- 
vation closed. 



April 27: A vesicle ia 
plainly visible, but not as 
distinct ae in experiment 
c, (Fig. 5, table XXVII,) 



May 2: The slightly se- 
creting erythema ia slow- 
ly drying up, A very 
light reddening ia visible 
at the region of the ekin 
beneath the celluloid 
ring. 

May 19: The blister hag 
become detached. A small, 
very fine scar with mot- 
tling aeen in center. Ob- 
servation closed. (Fig, 8, 
table XXVn.) 



April 27; The bliater in 
center of field is pro* 
nounced and secretes 
some. In the upper half 
a slight reddening begins 
to appear beneath the 
area covered with the eel- 
luloid ring. (Fig. 6, ta- 
bic XX\TI4 

May 2: A scab has formed 
in place of the secreting 
erythema. The reddening 
has very much decreased. 

May 5: Scab has sepa- 
rated. A secreting area 
visible beneath it. 

May 10; After partial de- 
tachment of the super- 
ficial dried layer a radi- 
ant, light red colored 
scar is visible in center, 
(Fig. 9, table XXVIL) 

June 15; Scar still visible. 
Essentially more intense 
than that of a and b. 



Result 

From the three ohservations it follows that with the same gamma 
radiation the intensity of the biologic action is dependable on the, 
filter materiaL 

The great importance of the secondary beta radiation for deep 
therapy ^rith radium and mesothorium made it appear desirable to 
get rid of these radiations if possible. We found that the secondary- 
beta radiation is the weaker, the lower the atomic weight of the filter 
materiaL It appears that a filter of low atomic weight, for instance, 
celluloid, is preferable to a metal filter. In deep therapy the beta- 
rays and soft gamma-raj^s must be arrested. Therefore the use of a 
metal filter of a definite thickness is necessary. To reduce to a 
minimum the secondary beta radiation arising in this metal filter we 
saw that 5 mm, celluloid as additional filter was sufficient. 

If through the additional filter of celluloid the secondary beta- 
rays arising from the aluminum, brass or lead filter become arrested 
through the influence of the filter material, then the biologic action 
should no longer be recognizable. A second series of experiments 
should demonstrate this. 

The details of the Experiment. — ^The details differ from the pre- 
ceding experiment in that the hard rubber ring was placed on a 5 mm. 
celluloid, is preferable to a metal filter. In deep therapy the beta- 
distance from capsule to skin the hard rubber ring had to be cut down 
in height. The thicknesses of the metal filters remained the same. 
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Juise 6: Tho follicle red- 
dening b&a yiflibly in- 
creased. 

June 9: Beginning conflu- 
ence of the follicle red- 
dening. 

June 11: Diffuse central 
reddening. 



June 16; Beginning forma- 
tion of Bmall bliflterfi in 
area of reddening. 

June 20: The amall vesicles 
are still separated from 
each other. No reaction 
external to hard rubber 
ring. 

June 23: Two email veai- 
cles have ruptured and 
form small scabs. (Fig. 
7, table xx\t:ii.) 



June 30 : Scab grown wider. 
Vesicles surrounding it 
have formed folds. {Fig. 
10, table XXVHL) 

Juljr 10: The superficial 
layers of epidermis de- 
tached in folds. A very 
tender scar. (Fig. 13, 
Uble XXVin.) 



June 6: The follicle red- 
dening baa hpcorae con- 
fluent aa a diffuse central 
reddening. 



June 11: The superficial 
layers of skin are slight- 
ly detached. Some secre- 
tion in center. 

June 16: 8ecretion is dry- 
ing up with formation of 
scab in center of field. 

June 20: The dried central 
scab begins to desqua- 
mate. 



June 23 1 The scaling of su- 
perficial layers of skin is 
completed; the base red; 
apparently no tendency to 
scar formation. (Fig. 8, 
table XXVm.) 

June 30: Process retro- 
gressing. Epidermis less 
red. (Fig. 11, table 

xxvni.) 

July 10; Hardly visible 
scar ; reddening almost 
completely gone ; desqua- 
mation of superficial layer 
of akin at periphery al- 
most completed. (Fig. 14, 
Uble XXVIILJ 



June 9: The follicles are 
colored a distinct red. 

June 11: The follicular 
reddening Is becoming 
confluent. 

June 16: The reddening is 
now intense and conflu- 
ent. 

June 20: Beginning of for- 
mation of vesicle in cen- 
ter with a red base. No 
reaction external to hard 
rubber ring. 

June 23: Blister still pres- 
ent and has not yet rup- 
tured. (Fig. 9, table 

xxvin.) 



June 30: Blister is de- 
tached, ba©e secreting; 
formation of dark brown 
scab. (Fig. 12, table 
XXVIIL) 

July 10: The upper layer 
of epidermis, detached by 
bliaters, has fallen off; 
also the scab. The base 
is colored white. A very 
slight sear visible in place 
of scab. (Fig, 15, table 

xxvm.) 



Result 

The iniensity of the hiologic action of mesothorium-rays on th€ 
shin after passing filters of various materials — aluminum, brass, lead 
is different mth the total gamma radiation when the secondary 
heiorrays are not arrested. The strongest biologic action results 
from the lead filter^ the weakest from the aluminum filter. 

If the secondary beta radiation is arrested by a celluloid filter 5 
mm. thick, the intensity of the biologic action of mesothorium-rays on 
the skin after passing through filters of various materials — aluminum, 
brass, lead^s with the same total gamm.a radiation the same. 

No importance is to be attrihided to the filter material, provided 
thai the secondary heta-rays arising in the filter are arrested by an* 
additional filter of celluloid. The brass filter, so often recommended, 
does not merit any advantage contrasted with lead and aluminum 
filters 
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Comparative Observations on the Intensity of the Biologic Action of 
the Secondary Beta-Rays arising from the Brass Filter with 
Mesothorium and Radium. 

We have exclusively nsed so far a mesothoriom capsnle in the 
experiments on the skin to investigate the secondary beta radiation 
arising in the filter. A test was deemed necessary to determine 
whether the secondary beta radiation arising from radinm differs 
from the secondary beta radiation of mesothorimn, provided that 
both radiation preparations have the same gamma-ray activity. 

The details of the experiment corresponded to those described 
on page 152. Between skin and brass filter a celluloid plate of Mo mm. 
thickness was interposed w^hich served the purpose of preventing 
the bulging of the sMn into the celluloid frame. The secondary beta- 
rays could penetrate the skin unhindered by such a th in sheet of 



^vv: 



^ Radtum Preparation 
ilSmtn B> mm. Ccthhtd 



14 mm Brass FilUr 






Skin 
Fia, 61, 



celluloid. Fig. 61 presents the arrangement in natural size. The 
Mo mm. celluloid plate has been intentionally omitted iu the drawing. 
The radium and mesothorium preparations mentioned on page 153 
were used, as they possessed almost the same radio-activity of 48 mg. 
radium element* The distance of the mesothorium and radium from 
the skin was 15 muL in both radiation frames. Differences in the 
biologic action must be observable in ease the beta radiation arising 
from the brass filter with radium would vary from that with meso- 
thorium as the same distance, same filtration, same time duration of 
appUcation of radiation and therefore also the same dose were used. 

Extract from the observation journal. 

Both frames, radium re8i>ectively mesothorium capsules, are 
applied at the same time to homogeneous regions of the outer third 
of the right and left infraclavicular regions. The time duration 
of radiation was forty-five hours from 9 P.M., March 22, to 6 P.M., 
March 24. 





i>ay« of oh^erwitUm: 


Daj/t of ohaervaii^n: 




a =: raditim* 


\> =^ meaothoriom^ 


March 25 


No reaction. 


March 25: No reaction. 


March 28 


Nq reaction. 


March 28: No reaction. 


March 28 


Erythema juei beginning. 


March 29: Just beginning erythema. 


March 30 


Vc^ faint erythema. 


March 30: Erythema somewhat more di0- 
tinct than in field a. 
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April I: 
XXIX.) 

April 4: 
tinct. 



Sligbt eTythema, (Fig. L table 
Erythema somewhat more dis- 



April 8: Browniflh mottled erythema. 
{mg. 3, table XXIX,) 



April 10: 
flcalea. 



Erythema desqxiamating ia fine 



April 1: Distinctlj marked erytbema, 

(Fig. 2, table XXIX.) 
April 4: Erythema extends fartber. The 

bright red color has aaBumed a more 

brownish tint. 
April 8: Erythema more marked than in 

field a; in the center a email blister. 

I Fig, 4, table XXIX.) 
April 10: Erythema markedly more in- 

tensiye than in field a. Erythema des- 
quamating in large lamellte. 
April 10: Upper layer of epidermis baa 

been removed; base aecretea freely. 



Both fields Becrete 



April 10: Upper layer of epidermis baa 
been detached by small blisters with be- 
ginning secretion of the base. 

April 19 — Fields a and h present almost the same condition 
evenly within the same exteot. 

April 24 — No difference observable in the intenaity of the erythema of both fields. 

April 27 — The erythemata of both fields are healing. (Figs. 5 and 6, table XXIX.) 

May 2 — Fields a and h are covered with dry scabs. 

May 7' — The scabs have fallen off from both fields. 

May 28 — Both fields show superficial white scare of about the same size. {Figs, 7 
and 8» tAble XXIX.) 

June 24— Same findings as on May 28. 

ResidL 
If we let a radium and a mesothorium capsule of the same gamma- 
ray activity act on JwmogeneoU'S regions of the skin after passing a 
hrass filter^ under otherwise like cotiditionSf without arresting the 
secondary beta-rays arising fro7n the hrass filter, a distinct difference 
in the intensity of the hiologic actiofi between radium and meso- 
thorium cannot he determined. Though the symptoms appeared 
somewhat earlier with the mesothoritim capsule, the reaction is com- 
pletely equalized if the observation is continued. 

Biologic Importance of the Secondary Radiation arising from the 
Filter when using X-Rays. 

The eorpnseular secondary radiation, which arises from the 
penetration of a metal filter with X-rays, has a small penetrability in 
contrast to the secondary beta radiation which arises from the use 
of gamma-rays* Their extent in air is so small that the radiation 
scarcely even reaches the biologic object dne to the greatest distance 
from the biologic object usually maintained. If the filter were to be 
placed on the biologic object, the corpusenlar radiation would pene- 
trate into the object, but the extent into the depths would be so small 
(it amounts to only a fraction of a millimeter) that a biologic action 
cannot be produced on the biologic object as skin» frog larv^, etc. 

The scattered radiation arising from the filter, which on account 
of its origin possesses the same composition in regard to hardness 
as the primary radiation producing it, has an influence on the biologic 
object according as it influences the quotient of the dose. The scat- 
tered radiation tends to let the decrease of the intensity of the 
radiation arising from the anticathode appear smaller than it would 
te without filter. 
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The homogeneous secondary radiation of the filter exerted by the 
primary radiation might be of greater importance, for it would in- 
fluence the composition of the radiation striking the biologic object 
and produce a change in the quotient of the dose due to the low 
penetrability and thereby an undesirable strong biologic action on 
the surface of the biologic object. In the literature on deep therapy 
this secondary radiation of the filter is often referred to as a danger- 
ous filter radiation and an especially destructive action has been 
ascribed to it. The experiments which have been reported as a proof 
of this contention, and which are only a repetition of Barkla*s in- 
vestigations, are, according to our opinion, not of a suflScient sound- 
ness to prove the great importance of the dangerous filter radiation. 
Grossmann from theoretical reasoning already pointed to it that wth 
the use of filter material and filter thickness customary in deep 
therapy, the rays experience such a hardening in the upper strata 
of the filter that the range of hardness within the dangerous radiation 
could be excited is not present any more in the rays reaching the 
most upper strata of the filter. The dangerous filter radiation might 
be observable on the surface side of the filter facing the X-ray tube, 
but it is not observable on that side of the filter turned toward the 
biologic object. 

We understand by the customary filter material aluminum, zinc, 
copper, brass and silver. If filter of highest atomic weight as gold, 
silver, platinum and tungsten are used, then the formation of the 
K'Series of their o\^ti characteristic radiations of these metals by the 
hard rays employed in deep therapy could cause a dangerous filter 
radiation. However, such metals have so far not been employed in 
practice as filters. Investigations on this point are going on and will 
be published later. 

To confirm these suppositions by experiments, a series of in* 
vestigations was undertaken in which it was demonstrated that as a 
matter of fact with the use of zinc and copper, the homogeneous 
secondary radiation of copper and zinc could be observed on the side 
turned towards the tube and not on the opposite side, if the thickness 
of the filter was one-tenth of a millimeter. Though the physical proof 
alone should be sufficient to expel the ghost of the dangerous filter 
radiation we performed a few biologic experiments and used as test 
objects the frog spawn* 

The course of the experiment was as follows : In the large glass 
jar a plate P, impermeable to X*rays, was placed 7 cm, above the 
bottom of the jar. Two squares of a size of 8 by 8 cm. were cut out 
of the plate, the inner sides of which were parallel to each other and 
2 cm. distant from each other. One square (see Fig. 62) was closed 
on its lower side by a copper filter (Cu.) of a thickness of 0,15 mnL, 
the other square ifvith an aluminum plate ( Al) of a thickness of 4 mm. 
Both filters were placed directly on the surface of the water but so 
that they would not touch it. The frog spawn was placed in the frame 
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close beneath the surface of the pond water* The X-ray tnhe was 
placed above the center between the squares at a distance of 40 cm* 
The measuring chamber K of the dosimeter was located beneath the 
aluminum filter at the same height as the frog spawn. 

The thickness 0*15 mm. of the copper filter was so measured that 
with a certain hardness of the tube which excited the characteristic 
radiation of the copper according to our physical investigations, 
the dose measured beneath the copper filter was equal to the one 
measured undemeath the 4 mm. aluminum filter. Duriog the ex- 



/ . \ 



^^^ 



To Electrometer 



YiQ. 62, 



periment the hardness of the tube was intentionally varied. On ac- 
count of these fluctuations in the hardness^ the characteristic radia- 
tion is excited in varying degrees and corresponding to them the dose, 
measured beneath the aluminum filter* If a biologic importance 
could be attributed to the dangerous filter radiation, it would show 
itself in this experiment on account of the sensitiveness of the frog 
larvae* 

Course of the Experiment, — ^The spaixTi of a pair of rana escu- 
lents served for the radiation. It was in the stage in which the 
embryos just begin to move about. The spawn clump was divided 
into three parts. Two groups were radiated within the same time. 
In group 1, the X-rays penetrated the 0.15 mm. copper filter, in group 
2, the 4 mm. aluminum filter. Group 3 served as control. A dose of 
140 e measured beneath the aluminum filter was applied. The hard- 
ness of the tube was continuously changed during the entire duration 
of the radiation. 
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Doff of mdiaiion: June 4. 
Daf9 of oh9erf>at%on : 

Jqi]« 7 — Both groups already show marked lymptoma of ibe radiation sickseas; both 
groups &how tbe signs of abdominal dropsy at about the same time and of the same degree. 
Jmie 10 — ^AJl the animals of both radiated groups have died and are putrefying. 

Besvlt 

This experiment shows that a dangerous fUter radiation does not 
arise in copper of the thickness indicated as filter materiaL 

The Biologic Importance of the Homogeneous Secondary Radiation 
which arises from a Secondary Radiator located externally to 
the Biologic Object. 

In the experiments made Htherto the secondary radiation was 
combined with the primary radiation penetrating the filter* A com- 
bination of both radiations was therefore tested in their biologic 
action. It was, however, important to know whether the secondary 
radiation alone could exercise a biologic action within a time duration 
of radiation that was practicable. This question has been repeatedly 
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discussed in the literature and it appeared to have a certain signifi- 
cance, as one would expect that the homogeneous secondary radiation 
from bodies of higher atomic weight could give special information 
about the dependence of the biologic reaction on the hardness of the 
rays. 

The smaller intensity of the fluorescent radiation even in its 
strongest excitation in comparison to the intensity of the primary 
radiation led to the expectation that the fluorescent radiation alone 
would not cause a distinct biologic reaction within the necessary time 
duration of a radiation. Still we deemed it necessary to confirm this 
by a few biologic experiments. 
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Wo used for these experiments a similar arrangement as was 
used ill the study of the physical properties of secondary radiations 
and employed as biologic test object the skin* (See Fig. 63.) 

From the X-rays arising from the anticathode of a roentgen-tnbe 
a beam of a diameter of about 5 cm. was cut out by a diaphragm* 
This X-ray beam was projected onto a metal plate placed at an angle 
of 45*" to the axis of the beam. The metal plate served as the sec- 
ondary radiator. Beneath this metal plate the arm was placed at 
as close a distance as possible, without it being struck by primary 
rays. The arm was also protected from the primary rays arising 
from the tube by a heavy lead box which surrounded the tube. A 
field of 6 sq. cm. was defined by leaded rubber on the forearm and 
exposed to the secondary radiator. The material of the latter con- 
sisted of either a heavy aluminum plate» an iron plate, a zinc plate, 
or a lead plate. 

The Coolidge tube always had the hardness which excited strongly 
the characteristic radiation of the metals used as secondary radiators* 
This had been determined by preliminary tests. 

The radiation was performed for twelve hours each on three con- 
Becutive days. Within these 36 hours from 25 to 30 e were measured 
on the skin obtained from the secondary rays of the metal plates 
with the higher atomic weights. The dose was much less with the 
ahmiinum plate, A visible irritation of the skin did not appear in 
any of the tests which coincided ^nth the small dose. The extension 
of the experiment to a longer time duration of radiation did not 
appear to be necessary considering the negative value of the question. 

The Biologic Importance of the Secondary Radiation arising within 

the Biologic Object. 

Secondary radiations form within the biologic object as they do 
in all bodies struck by X-rays. We have discussed the influence of 
these secondary rays on the dose, on the distribution of the radiation 
in the biologic object, on the quotient of the dose, etc. In these in- 
stances the secondary radiation appeared to be of great importance. 
Above all it contributed to the improvement of the quotient of the 
dose between the surface and depth of the biologic object. This im- 
provement of the dose quotient permitted the attainment of a rela- 
tively intense biologic action in the depth of the biologic object with 
a relatively small demand on the surface. 

If we intend to influence by radiations deep-seated tissues and 
organs, it is a matter of moment that the tissues lying above it be 
damaged as little as possible and that the quotient of the dose be as 
large as possible. Consequently we have attempted to increase the 
quotient of the dose by introducing a secondary radiator in the 
biologic object at a place where it was intended to act on an organ 
or tumor. The secondary radiator should increase the dose by its 
own radiation at the desired place in the biologic object. It was, for 
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instance^ recommended in the treatment of carcinoma of the stomach 
with rays to introduce a bismuth meal into the organ. Further, it 
was proposed to insert metal bougies into the uterus during the 
radiation for corpus carcinoma, or to inject potassium iodid solutions 
or eoUargol into the growth, etc. 

The results so far published have not been very encouraging- 
Comparative investigations with and without secondary radiators 
also have not been reported. We therefore cannot as yet interpret 
the favorable action of the secondary radiators. 

In order to obtain an idea of the relative importance of such sec- 
ondary radiations deposited within the tissues, we performed a few 
physical tests bearing upon this point. These tests had the following 
results: 

If we placed a secondary radiator such as a plate^ a metaJ or a 
colloidal solution in the water phantom, then the dose was increased 
just above the secondary radiator, that is, by its own rays between 
the antieathode and secondary radiator. The dose beneath the secon- 
dary radiator was decreased. The strong absorption of the primary 
radiation in the secondary radiator completely neutralized the favor- 
able action of the secondary radiator. The experiments, which are 
to be closed in the near future, will be communicated later. 

These physical investigations led to the expectation that a rela- 
tively smaU importance should be attributed to the use of secondary 
radiators in the tissues of the biologic object In spite of this we 
have attempted to form an opinion about this matter through biologic 
experiments. We employed as biologic objects frog spawn and 
human skin* With the spawn we could best determine the activity 
of solid secondary radiators; on the human skin best the action of 
secondary radiators minutely dispersed in the biologic object by 
using aqueous or colloidal solutions. 



Experiments on the Biologic Importance of a Sheet of Silver as 
Secondary Radiator on Frog Spawn 

Details of the Experiment, — ^We used the radiation vessel seen in 
Fig. 42, in which two rectangular frames were placed close to each 
other. One of the stands was covered with two layers of gauze, be- 
tween which the frog spawn was arranged in a single layer. The 
other stand was covered with a sheet of silver V2 mm. thick, sur- 
rounded with a very thin layer of Para rubber. The frog larvae were 
placed upon the silver sheet in one layer. The surface of the water 
just covered the frog spawn in both frames. 

The X-ray tube was placed exactly in the center of both frames 
at a focal distance of 40 em. In one series of experiments the filter 
consisted of 3 mm, aluminum, in the other of 1 nam. copper. The 
ionization chamber of the dosimeter was placed between the stands 
at the same height as the frog spawn* 
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Course of the ExperimenL— The frog larvae of a pair of rana escn- 
lenta served as observation material The larvae had just assumed 
form mthin the membranes. The spawn clump was divided into three 
parts, each of one hundred larvse. Groups 1 and 2 were rayed, group 
3 served as control. The dose was 125 e. 

Extract from the observation journal. 

PihTation with 1 mm. copper; doae^ 126 e. 

Day of radiation: April 1, 1916. 

Days of ohservaiion: 

April 4 — ^The controls have left tbe membrauea and swim about in the pond water. 

The larvie radiated with and without apcondary radiator evince the distinct symp- 
toms of the radiation disease ia the same degree and have remained behind in development 
in contrast to the controls. 

April 8 — The symptoms have progressed in both radiated groups, without any differ- 
ence being observed between the larva? of the groups. The animaU radiated with the 
secondary radiator evince rather weaker ayroptoms. 

April 10 — The controls are all alive and of normal development. 

About the same number in each of the radiated groups have died. The survivori 
show a progress in the radiation symptoms^ without any marked difference between the 
^oups. 

April 12 — ^The larger number of animals of the radiated groups have died» 

April 10 — The controls are developing normally. The animals radiated without 
secondary radiator are all dead. A few are still living in the group rayed with the 
secondary radiator, but they succumbed in the next few days. 

Result. 

The employment of a solid secondary radiator in form of a silver 
sheet with X-rays filtered with 1 mm. copper does not possess an in- 
fluence on the intensity of the biologic action on frog larva which 
were placed close above the secondary radiator. 

As the filtration vdth 1 mm. copper produces rays of great hard- 
ness which perhaps but slightly excite the characteristic radiation of 
silver, we performed experiments with the softer radiations em- 
ployed by us in deep therapy, namely. X-rays filtered ^ith 3 mm- 
alBminum, to determine whether silver as secondary radiator assumes 
some importance with this filtration. We made no experiments with 
unfiltered or weakly filtered rays which practically do not come into 
consideration. 

Details and course of the experiment remained the same. Only 
3 mm, aluminum instead of the 1 mm. copper was selected as filter. 
The spark-gap applied to the Coolidge tube was the same as already 
determined in our earlier investigations. The spawn clump of a pair 
of rana temporaria served as the biologic object. The embryos had 
just assumed form within the membranes. 



Extract from the observation journal. 

Filtration with S mm. ahiroinum; dose, 125 e. 
Day of radiation: April 2. 
Days of observation: 

April T^The controls have left the membranes and swim about in the pond water. 
The radiated larvss of both groups show marked symptoms of radiation disease. Dif- 
ference between the groups cannot bo recognized. 
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April 10 — ^The oontrob have continued to develop norroally. Tke radjation Bymptoma 
in tbe radiated animalA are more pronounced. Tlie animals raj'ed with the secondary 
radiator perhapi evince the gTmptome in a somewhat larger number of larv», 

April 16 — ^The controls are in normal development. The alight difference in the 
number of symptoms between the radiated groups has become equalized in the meantime. 
A difference cannot be seen. 6ome of the animals of both groups have succumbed. 

AprU 20 — The controls are in normal development. A large number of the animals 
of both radiated groups has succumbed. The animals raved without the secondary radi- 
ator again evince stronger symptoms and have remained behind in development more 
than the others. 

April 22 — All the radiated animals are dead, while the eontrola are in normal devel- 
opment. 

Several control ejcperime&ta show the same results* 

From the experiment it is seen that, similar to the filtration with 
1 mm, copper, a more intense biologic action on the frog larvce cannot 
be attributed to silver as secondary radiator with 3 mm, aluminum 
filtration, if the larva? are placed close above the silver sheet 

It was deemed unnecessary to perform experiments on the hmnan 
sMn on account of the extensive analogy of the frog Iarv«e to the 
human skin as biologic test objects, and because these experiments 
had jdelded only negative results. 

Observations on the Biologic Importance to the Hitman Shin of a 
Secondary Radiator Minutely Dispersed in the Biologic Object. 

As already mentioned, various salts of metals in aqueous or col- 
loidal solution were brought to or in the human organ to be radiated 
to increase the biologic action of the X-rays in the proper place. The 
eUnical results reported are anything but uniform, so that conclu- 
sions cannot be drawn. We have attempted to render the conditions 
somewhat simpler and have injected collargol in a circumscribed 
region of the skin, i.e., subeutis and subcutaneous tissue. 

We then applied an erytliema skin dose of X-rays filtered through 
10 mm. aluminum to this region and as a control also to another 
homogeneous region of the skin which had not been injected. 

We do not record the observations because the results were not 
uniform and did not agree with each other. Discrepancies are prob- 
ably caused by the fact that collargol causes a mechanico-chemical 
irritation, at one time of a stronger and at another time of a lesser 
intensity, and thus the biologic action of the X-rays is interfered 
with. Further investigations are being conducted. 

Dependence of the Biologic Action on the IGnd of Titiuei* 

Senaibility Quotient 

A biologic reaction in living tissue ensues from a lethal dose of 
X-rays and gamma-rays. Thereby the function of the radiated tis- 
sues is made to deviate from the normal. For instance^ if we apply 
a known dose to the skin an irritation evidenced by an erythema ap- 
pears as a visible deviation from the normal. The visible deviations 
of the application of a lethal dose of rays to the ovaries of a mature 
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woman are the cessation of ovulation and the arrest of menstmation* 
The radiation dose which produces in the skin a visible erythema 
has been termed an erythema or skin dose. The radiation dose, 
which just suffices to cause in the ovary the cessation of ovulation 
and arrest of menstruation, has been named an ovarian dose. 

Experience teaches that the same individual requires a different 
amount of radiation for the production of a skin dose than for the 
production of an ovarian dose. One kind of tissue does not show a 
change in the biologic function, while another kind of tissue evinces 
a distinct functional disturbance from a known dose. In the organ- 
ism various kinds of tissues are adjacent to each other, and the X- 
or gamma-rays arising from a point source of radiation will send 
the same dose to the various neighboring tissues. However, a marked 
deviation in the behavior of absorption may be obser^^ed in the vari- 
ous kinds of tissues. One organ or tissue wiU evince a distinct func- 
tional disturbance, wliile the adjacent organ or tissue will not show 
any visible changes in function at all. This property of X- and 
radium-rays to produce with the same dose a marked functional 
change in one organ, while the other organ does not show any devia- 
tion from the physiologic function, is called the elective action of rays. 
If we designate the dose which produces a distinctly visible reac- 
tion on the skin, i*e., an erythema with a, and the dose wliich causes 
a visible reaction in the ovary, i.e., an amenorrhea with h, we desig- 

nate the quotient r- =^- — : — -— i.e., the quotient of sensibility 

b ovarian dose 

between skin and ovary. 

As the skin reacts quite readily and visibly to radiations, the 
erythema skin dose has been taken as the standard of comparison. 
Therefore^ in the sensibility quotient the skin dose is always placed 
in the numerator, and the dose which is required to attain a desired 
biologic effect in another elementary tissue, in the denominator. If 
we wish to determine the sensibility quotient between skin and an- 
other elementary tissue according to this definition, it is only neces- 
sary to define what we understand by the desired biologic reaction. 

The desired biologic reaction of the skin is knoi^Ti as an erjiihema 
of the first degree. The dose which produces this reaction is desig* 
nated the skin dose, or er^^hema dose. 

The desired biologic reaction of the ovary is the production of 
amenorrhea. The dose necessary to cause amenorrhea is called the 
ovarian dose. 

The desired biologic reaction of carcinoma is the distinctly visible 
and palpable decrease in size of the carcinoma appearing after a 
certain time interval. The dose necessary to produce this reaction 
is termed the carcinoma dose. 

If we place the size of the skin dose in relation to the size of the 
other mentioned doses, ovarian and carcinoma doses, and if we wish 
to determine the value of the different sensibility quotients, then the 
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difficulty is enconntered that the skin dose which is placed in the 
numerator is subject to certain fluctuations in size in different indi- 
viduals as well as in different skin regions of the same individual. 
The dose which produces upon the abdominal skin an er)i:hema of 
the first degree is not equal to the dose which causes an erythema 
of the first degree on the skin of the sacral region. The skin of the 
sacral region is generally more sensitive to rays than the skin of 
the abdomen ; the skin of the labia is ordinarily more sensitive than 
the skin of the abdomen. Altogether the differences are not very 
great. We found that the sMn dose, measured with the ionization 
method, equals about 170 e if rays filtered with 3 nun. aluminum up 
to 1 mm* copper are used. We may in general accept this dose as 
the means for the sMn dose in the calculation of the quotient of the 
dose. 

As we shall see, the desired reaction for various other tissues in 
adult individuals is not subject to such great individual variations 
as seen in the skim Therefore, the determination of the sensibility 

quotient ^ for various elementary tissues is possible within certain 
b 

limits. It is of such great importance that the approximate determi- 
nation should be made. 



Determination of the SensibiUtfj Quotient for the Ovary. 

To determine the size of this quotient it is necessary to compare 
those observations with each other in which, with the same quality 
of ray, the radiation dose has been approximately applied within the 
same time. The results may be obtained from those cited in the 
investigations of the law of Schwarzschild and the interval dose. 
The determination of the ovarian sensibility quotient became possi- 
ble as soon as we were in a position to apply the ovarian dose with 
a given filter and a given technique within a single sitting. All earlier 
attempts to determine the sensibility quotient for the ovary were 
useless, owing to the necessity of obtaining the ovarian dose by sev- 
eral repeated radiations given within more or less extended time 
intervals. On account of individual differences, the number of cases 
for the determination of the sensibOity quotient had to be large, as 
it must be in all biologic experimentation. The size of the skin dose 
was determined from a sufficiently large number such as 170 e. The 
ovarian dose can be likewise obtained from a correspondingly large 
number of cases. The method of the measurement of an ovarian dose 
was relatively simple in women, because we could insert the ioniza- 
tion chamber in the rectum at such a height that it came to lie in 
the immediate neighborhood of the ovary if the uterus was of normal 
size or slightly enlarged. If we radiate through the abdominal waU, 
observing a focus skin distance not too small and measuring the dose 
applied to the ovaries with the ionization chamber, we may consider 
the measured dose to be the ovarian dose. The ovarian dose wai 
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thus determined in a large number of hemorrhagic metropatWes and 
small myomata. It was 33 e* 

According to the above statement, the sensibility quotient of the 
ovary is calculated thus : 

a skill dose ^ 170_ - 
b ovarian dose 33 



In these determinations of the ovarian dose a filtration with 1 
mm, copper was used, as it was much easier to obtain, with a radia- 
tion of this hardness, the ovarian dose in almost all cases through a 
single port of entry, and thus render the measurements relatively 
simple and exact. We also use in deep therapy filters of 3 mm. 
aluminum in thin women, on account of the economy and shorter 
duration of the radiation. Therefore, the question arises whether 
the sensibility quotient would change with the 3 mm. aluminum 
filtration in contrast to the copper filtration. According to our 
earlier investigations, the intensity of the biologic action of vari- 
ously hard rays within the range of rays filtered with 3 mm. 
aluminum up to 1 nam. copper was the same. It was to he expected 
that the sensibility quotient obtained with a 3 mm. aluminum filtra- 
tion would be the same as the one obtained with the harder filtra- 
tions. The proof had to be furnished. Difficulties were encoun- 
tered, as with the use of these relatively soft rays the quotient of 
the dose between skin and ovary became very unfavorable to the 
skin* The dose necessary to obtain amenorrhea in one sitting could 
be applied to the ovary only in very lean women. We also had to 
use larger ports of entry. Only thus could we obviate all danger 
to the abdominal skin from the longer time duration of the radia- 
tion necessary. 

The number of cases observed is therefore small. However, it is 
sufficiently large to permit of drawing conclusions. We radiated 
ten cases of hemorrhagic metropathies and myomatous uteri in this 
manner with 3 mm. aluminum, and determined the ovarian doses 
from the amenorrhea attained. The ovarian dose was about 35 e. 
The skin dose with this filtration is 170 e. We therefore may 
conclude : 

The sensibility quotient of the ovary is about 5 when using 
X-rays filtered with 3 mm, aluminum* 

The Determination of the Sensibility Quotiefit of Carcinoma. 

skin dose 



To determine the size of this quotient 



we may 



carcinoma dose 

refer to the preceding statements concerning the skin dose which 
had been placed at 170 e. 

By carcinoma dose we understand the dose which causes a car- 
cinoma to retrogress decidedly, so that it either disappears or 
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appears to be reduced in size as determiiied by the senses of sight 
and tonch. 

To avert misinterpretationB we desire to expressly mention that 
the disappearance of the carcinoma to the senses of sight and tonch 
after the application of the radiation dose is not at all identical 
with a cnre. We do not speak of a cure after the operative removal 
of a carcinomatous tnmor, and we are not permitted to speak of a 
cnre after retrogression of a carcinoma by radiation, because in 
both instances experience teaches that recurrences of the carcinoma 
may occur. Just as in the determination of the sensibility quotient 
of the ovary, so the determination of the sensibility quotient of 
carcinoma became possible as soon as we were placed in a position 
to attain the cancer dose in one sitting by an efficient filtration and a 
correct technique. This was possible in certain carcinomata, as we 
have seen. Yet special diflBculties are encountered in the deter- 
mination of the carcinoma dose in contrast to that of the ovarian 
and skin doses. We saw that the ovarian and erythema dose did 
not perceptibly deviate from a mean, excepting a few isolated in- 
stances. If we now apply in an analogous manner a certain definite 
dose to a carcinoma, we see that in one case the tumor completely 
disappears to the senses of sight and touch, while in another case a 
retrogression can hardly be observed; on the contrary, the carci- 
noma continues to progress. Pronounced individual fluctuations, 
therefore, are met with in the carcinoma dose. Upon what these 
large individual fluctuations are dependent is stiU beyond our com- 
prehension. We may surmise that the varying histologic structure 
of the carcinoma causes this varjing behavior to the X-rays, a 
view which Adler has even recently pronounced. Almost all our 
radiated carcinomata were examined in the pathologic institute of 
Freiburg. We have not so far been able to recognize definite rela- 
tions between the histologic structure of carcinomata and the action 
of X-rays, We have observed a distinct difference in the behavior 
to rays, according whether the carcinoma bearer is or is not 
cachectic. For instance, if we ray a mammary cancer, which has 
involved the glands or has formed metastases in other organs, we 
can apply a far larger dose than the established mean cancer dose 
without a perceptible retrogression in the carcinoma taking place. 

Another difficulty in the determination of the carcinoma doses 
arises, then, if we apply the cancer dose to a deep-seated carcinoma. 
To attain at this place the mean carcinoma dose we must apply to 
the tissues lying above it a relatively high roentgen dose. As a 
result of this X-ray radiation a permanent injury to the general 
health of the patient often occurs, which we call an X-ray cachexia 
on account of its great resemblance to the clinical picture of cancer 
cachexia. In such women we did not see a retrogression of the 
carcinoma in spite of the application of a much higher dose than 
the mean carcinoma dose. 
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All such cases have been excluded from the determination of the 
carcinoma dose on account of the difficulties mentioned. We have 
exclusively used those cases of manmiary carcinomata in the deter* 
mination of the lethal carcinoma dose, in which the carcinoma had 
not yet assumed a large extent, in which metastases in other organs 
could not be demonstrated clinicaUy^ and in which large glandular 
tumors in the axilla or supraclavicular regions- could not be recog- 
nized. The conditions for the determination of the carcinoma dose 
were especially favorable in these cases, because we could measure 
with the measuring chamber the doses applied to the carcinoma, 
and because we did not need to administer at the same time large 
X-ray doses to the adjacent normal tissues on account of the rela- 
tively superficial location of the cancer. A filtration of the X-ray 
through 1 mm. copper was employed in the determination of the 
carcinoma dose. The focus skin distance was 50 em. Thus we 
obtained an iaipregnation of the carcinoma with X-rays as uniform 
as possible. Referring to the cases of mammary cancer mentioned 
on page 137, and observing all the limitations discussed above, the 
results obtained revealed that the cancer exhibits an extensive 
retrogression up to a complete disappearance to the senses of sight 
and touch when, with a single radiation, a mean dose of about 150 e 
has been applied. As the erythema dose with the use of a 1 mm, 
copper filtration is 170 e, the sensibility quotient for mammary 
carcinoma is; 



eMn dose 



=m= 1.15 



b carcinoma dose 150 

As we based the determination of the mean carcinoma dose exclu- 
sively on mammary cancers, we do not v^ish to tacitly imply that 
carcinomata localized in other regions will not react to the same 
dose. To prove that carcinomata localized in other regions also 
completely disappear to the senses of sight and touch with this dose, 
we give the following clinical histories : 

Case Mrs. M., carcinoina citpitia^ 52 jears old. On the scalp a broken-down tumor 
about the atze of a fiat is found, about 12 cm. in diameter and 3 cm. in height. (See 
table XXX, fig. 1,J Diagnostic excision. Hiatologic diagnosis of the patliologic instituta 
in Freiburg reveals cx^mifying squamous epithelial cell carcinoma. 

Days <jf radiation: Sept. 13 and 14, 1916. 

Radiation with Coolidge tube. Focus skiD distance 50 cm.» 1 mm. copper filtration, 
do8e 140 e. Size of ieM selected bo large that the entire tumor la placed within the 
radiation beam. 

Sept 21, 1916 — ^Tumor has disappeared ootnpletely, A granulating area is seen the 
size of a quarter in place of the growth. {See table XXX, fig. 2.) 

Case Mrs. S., carcinoma viilvse, 68 years old. Starting from the clitoris and invad- 
ing to the left the small and large labia, a large carcinomatous ulcer is seen. (See table 
XXXI, fig. 1.) Urethra and inguinal glands are not involved. The histologic diagnosis 
of the pathologic inetitute in Freiburg reveals a carcinomatous aew growth. 

Day of radiation: Aug. 22. 1910, 

Radiation with Coolidge tube. Focus skin distance 50 cm., 1 mm. copp«r filtration, 
dose 100 e. 

Oct. 2, 1016 — Carcinomatous ulcer is coDipletely healed; the skin is Bomewhat red- 
dened. (See table XXXI, fig. 2.) General health good^ glands free. 

l>ec. 20, 10 IS— The findings are the same. 
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On the Dependence of the Intensity of the Biologic Action with 
the Same Dose from the Individual 

In our comparative animal experiments we had already ob- 
served that the animals did not at all react evenly to the same 
dose. Differences were seen in the timely occnrrenee as well as in 
the intensity of the radiation symptoms. The mortality as a result 
of the action of the rays differed within certain limits. We 
attempted to rednce the disturbing factor found in the different 
individuals by using a large number of experimental animals, and 
further by selecting experimental animals of the same parentage 
and the same litter. Nevertheless, a certain individual difference 
existed which can best be expressed in numbers by determining the 
difference in the mortality from the known time intervals after 
radiation and the percentual frequency of the radiation symptoms 
at successive observations. 

We may refer to the protocols, reported in the preceding chap- 
ters, from which it follows that with the application of the same 
X-ray dose to a frog-spawn clump of the same litter the charac- 
teristic X-radiation disease and the characteristic X-ray deaths 
appear in the different individuals in varying degrees and at dif- 
ferent time intervals. To determine these individual differences in 
numbers we have performed several experiments in which we 
counted within regular time intervals in a known number of animals 
those that succumbed to the radiation disease and those that evinced 
radiation symptoms. We will here report a few extracts from the 
observation journal: 

In one series of experiments one hundred frog larvffi were 
radiated with a dose of 60 e and a 3 mm > aluminum filtration. 

It was recorded on the seventh day following the radiation that 
all the one hundred animals were alive, that thirty-two of them 
evinced symptoms of radiation disease, while sixty-eight did not 
ahow any visible reaction. 

It was recorded fourteen days after radiation: eighty animals 
are still living; twenty died from symptoms of radiation disease. 
Twenty-five of the surviving animals have symptoms of the radia- 
tion disease. 

Twenty-four days after radiation, tliirty-five animals are still 
aUve; all evince the symptoms of radiation disease. 

Another series, in which the same number of experimental ani- 
mals was radiated, but this time with 80 e, gave the following 
report : 

The sixth day after radiation: All animals are living; eight 
Bhow distinctly marked sjTuptoms of radiation sickness. 

Thirteenth day after radiation: Ninety- four animals are stiU 
alive; fifty have characteristic symptoms of radiation disease. 
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Sixteenth day after radiation : Forty-three animals are still alive. 
They all show the symptoms of radiation disease. 

Twenty-ninth day after radiation: Two animals are still living. 

We see from these experiments that the degree of the reaction 
differs in time of occurreoee as well as in intensity, even in indi- 
viduals of the same litter and of the same age. Observations made 
in some of the experiments we must especially mention. In the 
same litter of the same age and exposed to very large doses, one 
or more individuals may be seen which do not show any signs of 
radiation sickness; yes, even evince an essentially more rapid 
growth than the controls even within a longer period of observa- 
tion; while all the other animals rapidly succumbed to the large 
radiation dose. To give somewhat of an idea of the quantitative 
differences of the doses applied, we mention an experiment in 
which the one surviving animal received double the dose, while half 
the dose was sufficient to kill all the others in a short time with the 
characteristic signs of the Roentgen disease. 

If, therefore, some roentgenologists claim that the sensibility of 
single individuals may fluctuate within limits of plus or minus ten, 
or even within twenty per cent, and others state that a pronounced 
increased or lowered sensibility does not exist, we could demon- 
strate in individuals of the same species, of the same litter and the 
same age, a lowered sensibility of at least 100 per cent in reference 
to the death dose. 

In deep therapy the radiations must be given to human beings 
of varying ages and varying descent. As marked analogous be- 
havior to X-rays exists between the biologic test object and human 
tissues, we had to expect at the outset that pronounced decreased 
and increased sensibilities also exist in the human. As we did not 
radiate the entire organism, we had to confine our observations on 
the individual differences to tissues of the same kind. We previ- 
ously called attention to the individual differences seen in experi- 
mental animals, and surmised that the same observation would be 
made in human tissues- 

The degree of the individual differences acquires practical im- 
portance, as we must attempt to avoid dangerous under- or over- 
dosation in deep therapy. The limitations of the dose, to be ob- 
served in the attainment of a desired biologic action, are relatively 
slight. If very marked individual differences in the reaction of 
the same kinds of tissues to the same mean dose did exist in the 
human, then we would obtain a certain percentage of undesired 
over- and nnder-dosations in deep therapy. It is therefore impor- 
tant to gain a clear conception of the different behavior of like 
tissues to applications of the same dose in different human beings. 

We will consider in these observations three kinds of tissues : 

1- Skin, 

2. Ovary, 

3, Carcinoma. 
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We are absolutely justified to determine an average erjrthenia 
ekin dose based on results obtained in a large number of cases, and 
we determined the mean erythema dose as 170 e. 

The question whether this dose may exceptionally produce in 
different individuals a much stronger or weaker biologic reaction 
on the skin has been differently answered. Some believed, basing 
their opinions chiefly on the method of the Kienbock measurement 
and other radio-chemical methods of measuring, that a difference 
in the degree of the reaction of the skin should be admitted, but 
within very narrow limits, while others maintain that wide varia- 
tions in the reaction of the skin exist, particularly when using 
X-rays. 

The arguments which have been advanced to uphold these views 
are not at all tenable. The authors usually confined themselves to 
the statement that an individual oversensitiveness of the skin could 
not be assumed, for they had never seen in their **X-ray practice" 
a ** burning" of the skin. 

It is hardly necessary to say that such a method of proof is 
weak, and we would not enter upon a discussion if such a forensic 
opinion, even if made by an authority, could not influence a legal 
declaration in one or another direction. The authors, who have so 
far not seen any skin bums, and therefrom drew this wrong con- 
clusion, have applied X-ray doses to the skin which are far below 
the erythema dose. They have only practiced X-ray diagnosis or 
X-ray therapy in tumors as myomata, which are easily influenced. 
In a simple diagnostic fluoroscopic or radiographic radiation^ 
scarcely one-tenth of the erjihema dose will be attained during 
several exposures, even when using thin aluminum filters. If we 
treat myomata Tvith the multiple field method of radiation of Gauss 
and Lembke, not even one-half of the erythema dose is obtained, 
if we observe their directions to give only 30 x-Kienbock units 
as skin dose. Accordingly, injuries of the skin are not observed 
with such decided underdosations. Such procedures cannot serve 
as proof that a pronounced individual difference in the reaction 
does not exist. Even with this pronounced underdosation, Gauss 
and Lembke could demonstrate that in certain individuals of the 
so-called titian teint erythemata, though of milder degrees, could 
be attained. We may, therefore, state that individual oversensi- 
tivenesses of 100 per cent are observed. A correct dosation cannot 
be made with radio-chemical methods of measurement. 

We could at times observe quite marked deviations in the reac- 
tions of the skin to a mean dose even i\ith the use of the much more 
exact method of ionization measurement. They consisted of an 
undersensibUity as well as an oversensibility. As we have already 
cited an example of oversensibility, we also desire to relate exam- 
ples of exceptionally pronounced undersensibUity. The latter is 
frequently observed in very old, decrepit and markedly cachectic 
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individuals. A certain definite law seems to prevail in gneh in- 
stances. As the carcinoma in snch cachectic individuals does not 
respond to the lethal carcinoma dose, we have, with the permission 
of the patient, applied a much higher dose to the skin lying above 
the carcinoma. Thus we applied in two cases double the dose — 
300 e — a dose which would produce in the normal skin bum of the 
second to third degree with the formation of vesicles and necrosis. 
Only a slight browning of the skin was observed in these cases. 

Therefore, an undersensibility of 100 per cent exists in these 
cases. Such a result should not surprise us. In the simplest uni- 
cellular living organisms, the bacteria, a varying reaction to the 
same doses of chemical reagents is observed in the different indi* 
viduals ranging within one to many hundreds per cent, and credit 
cannot be attached to the statement of roentgenologists that the sldn 
should biologically possess an entirely different behavior to the 
X-rays. It is self-evident, without giving further proof, that iso- 
lated instances of over- and undersensibility of the skin to rays do 
exist These differences vdU fluctuate not within the range of a 
few per cent, but ^Hthin limits of 200 to 300 per cent. In order not 
to be n[iisunderstood, we desire to again remark that these excep- 
tional over- and undersensibilities are the exception, and they should 
not hinder us from drawing binding conclusions from the gross of 
the observations. 

The second kind of tissue in which we could investigate the de- 
pendence of the intensity of the biologic action from the individual 
was the ovary. The intensity of the biologic action was incidentally 
tested during the radiation treatment of myomata. We spoke of 
ovarian dose then when a dose was applied to the ovary which pro- 
duced an amenorrhea. In the methods of radiation treatment of 
myomata employed hitherto the ovarian dose was not determined 
directly but indirectly from the doses applied to each port of entry 
in the multiple small field method mostly used. The Kienbock strips 
or other radio-chemical methods were ordinarily used in this pro- 
cedure, the inaccuracy of which has already been emphasized. One 
added the Kienbock x-units applied to the different skin areas and 
stated that amenorrhea appeared with 500 X, It is e\adent that 
with such methods the dose cannot be determined which the ovary 
received during the radiation. 

In the different patients according to the state of nourishment 
a variously thick layer of tissue had to be traversed first by the 
X-rays, which reduced the intensity of the radiation more or less, 
before they reached the ovary. In the multiple small field method, 
which is based on crossfiring, it was not always possible to place 
the ovaries exactly within the radiation beam. Finally it may be 
noted that the number of ports of entry was different with the 
different therapeutists, whereby the error in the deductions was 
rendered still larger. We therefore should not be surprised that 
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the statements on the nnmher of X employed to produce amenorrhea, 
fluctuate \v^thin enormous limits. While some attained amenorrhea 
with 500 X, others obtained it with 2000 X and more, although the 
same number of fields were used. In spite of these great fluctua- 
tions in dose, with which the various authors obtained amenorrhea 
it is noteworthy that almost all authors have formed quite definite 
opinions on the dependence of the ovarian dose from the individual. 

The individual variations of the ovarian dose were thought to be 
dependable on the age of the patient. The opinion is almost general 
that the older a woman is, tlie more her ovaries approach the atrophic 
stage of the climacteric, the easier the ovaries may be disabled by 
radiations. 

Albers Schonberg promulgates eight conclusions in his treatise, 
"Ergebnisse der Roentgen therapie bei Myoma,*' 1913, The first 
sentence and the eighth interest us especially. 

**1. The ovaries sustain through the X-rays an atrophy mainly 
in the Graafian follicles. As a result an artificial menopause oceure. 
The damage appears rapidly and permanently in older women that 
approach or are in the climacteric years. The intended atrophy of 
the follicles is attained only after a much longer radiation in younger 
individuals at the beginning of the fortieth year of life. 

**8. Myoma ta of younger women (below 40 years) are generally 
not so well adapted for radiation. The older the woman, the more 
promising is the roentgen treatment." 

Ejiner and Menge draw the following conclusions from their 
labors, reported in the **Monatschrift fur Geburtshiilfe und Gynak- 
ologie/' 1912,3: 

**It is seen from the study of our cases that in women above forty 
years we are well able to render them permanently amenorrhoic, 
and in women between thirty and forty to attain a pronounced oligo- 
menorrhea. We may safely attain an amenorrhea in yoxmger women 
also, but this is only possible after a radiation composed of many 
series. However, this is not advisable, except in myomata." And 
further: "With increasing age a decreasing X-ray dose is generally 
necessary, which also holds good for the hemorrhagic metropathies.'* 

Heimann, also, states in his publication in the **Berliner Klinische 
Wochensehrift,'* 1916, No, 37: ** Young women require a larger 
amount of radiation for the production of amenorrhea than older 
ones.** 

Runge, Berlin, states in the supplements of the **Medizinische 
Klinik," 1912, No. 12: **The success of X-rays depends in the first 
place on the age of the patient.*' He deduces that it is not correct 
to radiate young myoma patients below thirty to thirty-five years 
with X-rays. For in spite of the most intensive radiation it would 
not be always possible to produce amenorrhea in such cases. 

Almost all the other authors, who have taken sides in this question, 
express themselves in the same sense. 
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tematic investigations and observations are required for it. The 
presmnptionSy with which we must be contented at present, hare 
already been expressed in the chapter on the determination of the 
sensibility quotient for carcinoma. 

We refer here again to these observations. 



APPENDIX 

EXPEBIMENTAL INVESTIGATIONS OP THE INFLUENCE 

WHICH THE FOCUS SKIN DISTANCE AND THE SIZE 

OF THE FIELD HAVE ON THE QUOTIENT 

OF THE DOSE ' 



BY WALTER FRIEDRICH AND HANS KORNER 

One of the most important questions in radiation therapy is that 
of the size of the quotient of the dose, i.e., the ratio of the depth dose 
to the surface dose. This ratio depends npon the distance of the 
radiation source from the surface and upon the depth of the radiated 
object; upon the absorption of the rays (half absorption value layer) 
in the radiated tissue, and finally upon the scattered radiation in the 
tissue. The influence of distance and absorption on the quotient of 
the dose may be calculated by means of the law of squares and the 
absorption coefficient 

The third factor — the scattered radiation of the radiated tissue 
area — ^has not been considered in such calculations. The great influ- 
ence of the scattered rays on the dose and on the distribution of the 
dose was emphasized, perhaps for the first time, by Kroenig and 
Friedrich in 1915/ 

Scattered rays can only arise in a medium which possesses an 
absorption coefficient for X-rays, as the formation of them is a sec- 
ondary process due to a scattering of a part of the primary rays. 
The formation of the scattered radiation therefore is dependent on 
the kind of primary radiation and the kind of object which is radi- 
ated. If one assumes in a given case, with a known quality of rays 
and a known radiated medium, that this medium is infinitely large, 
and assumes further a fixed point at sufficient depth within this me- 
dium, then this point receives a maximum of scattered rays from all 
sides. 

The conditions, however, are different if the point instead of 
being located sufficiently deep is situated at the periphery of the 
area where it borders on another area that is traversed by raya 
which have not formed secondary rays. In this instance the point 
vdU not receive any scattered radiation from the second medium. 
Quite similar are the conditions if the medium^ in which the scat- 
tered radiation arises, is not infinitely large as in the first instance 

1 Strahkntherapie, VoL XT, 1020. 

1 W. Frieflrich and B. Kroenig, MOoch. Med, WocheuBchr., 1^16, Ko, 4d. 
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but, for example, represents an irradiated truncated pyramid in 
the body substance, the size of which is determined by the size of 
the square port of entry on the skin and by the distance of the 
anticathode of the X-ray tube from the body surface and by the 
altitude of the pyramid. Here also the maximum of scattered radi- 
ation at a given point is attained only if the point lies as centrally 
as possible. 

On the other hand, one will approach the more closely the values 
calculated from the law of distance and the half absorption value 
layer of the rays, the smaller the radiation cone is which is sent 
through the medium. The correctness of this theoretical hypothe- 
sis has already been experimentally proven by the researches of 



Flo. 64. FXQ. 65. 

¥ic, 64, — The anticathode is asnuned to be at F, The pyramid F E O J K reprewnta 
the area traversed bj the X-rays. A B L D it the port of entry. F H ia the focuB skin 
difltanee. The truncated pyramid ABLDFOJK repre&cBta the area of the radiated 
body iisaue. A B L D L M N b the central block ; the priaius lie adjacent to it. 

Fig. 65 representB a section placed through the axis of the pyramid and the centert of 
two oppoBing corners of the base for varying F H. In Fig. 65, b, the F H ia twice aa large 
as in Fig. 65, a. The central block remaioa the aame, while the priama adjoioiog laterally 
decreaBe in bisdo with an increase in F H* 

Kroenig and Friedrich/ and has been confirmed by the investiga- 
tions of Seitz and Wintz, Dessauer and Warnekros, and Glocker. 
They showed that the dose in the deep increases with the increase 
in the size of fields while the values calculated from the laws of dis- 
tance and absorption are independent from the size of the field. In 
other words^ the quotient of dose becomes more favorable with an 
increased size of the field. The experimental investigations of 
Kroenig and Fried rich condocted so far have taken into account the 
various sizes of fields with a known hardness of ray, without con- 

1 Kroenig and Frtedrich, Phyaikalische und biologische Gmndlagen der Strahlenthera- 
pie, Berlin^ 1918. Engliah Translation, Rehroan Co., New York« 1922. 



APPENDIX 



2U 



sidering the distance of the anticathode from the sMn surface. This 
distance of anticathode from skin surface we will designate as F. H. 
in the following parts of the paper. We have undertaken in this 
report to systematically investigate in the deep layers of the radiated 
medium the following factors: hardness of rays, size of field, and 
focus skin distance (F. H.). 

If our theoretical hypotheses are correct, then we must expect 
with an increase in F, H., the field size and the radiation hardness 
remaining the same, a correspondingly smaller decrease of the dose 
in the depth according to the laws of squares and absorption. One 
must, however, realize that if with various F. H. the port of entry 
is kept constant, the radiated body volume is not of the same size, 
If with a square port of entry the radiated body volume presents a 
truncated pyramid, then the pyramid is composed of (1) a central 
square block, whose base is fixed by the port of entry and whose 
height is equal to the altitude of the trxmcated pyramid; and (2) 
four prisms located laterally from the central block (Fig. 64). The 
volume of the central block remains constant with a constant size of 
port of entry but different F. H,, but the size of the prisms changes 
essentiaUy so that they are larger with short P. H, and shorter with 
long F. H. 

These conditions are best realized by studying Fig. 65, which 
represents a section through two such radiation cones.^ This means 
for our conception of scattered radiation that with a short F. H. 
we have a large addition of scattered radiation corresponding to 
the greater mass of the radiated volume, and with a large P, H, 
only a small addition. In other words, with a constant size of field 
and constant hardness of rays and with short F, H, the primary 
radiation at a known depth determined by the laws of distance and 
half absorption value layer is relatively small and the addition of 
scattered radiation is relatively large. With a large F. H. the pri- 
mary radiation is larger and the scattered radiation is smaller in 
proportion. To prove these confusing conditions purely by calcu- 
lation appeared to be impractical and therefore the experimental 
method was employed as described on page 10, 

The first experiments were conducted with a Coolidge tube acti- 
vated with an inductor and gas interrupter (Sanitas apparatus). The 
tube was activated by a current with a voltage having a parallel 
spark-gap of 38 cm., the hot cathode was charged from a storage 
battery of 3.5 to 4 amperes. The tube was placed in a holder con- 
sisting of thick leaded glass and placed above the phantom so that 
the central ray from the anticathode struck the ionization chamber. 
The tube was usually charged i^Wth 2 mamp. A lead diaphragm was 
placed underneath the tube bowl which also served as the seat for 
the various filters. The diaphragm which formed the proper limits 

1 Simikr relations are nattirally preaent in radiation cones of circular a« weU ai rec- 
tsagular tr ana verse aectiona. 
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of the radiatioB field was placed directly above the phantom. (See 
Fig. 66,) 

The apparatus was distribnted into two neighboring rooms so 
that the inductor, interrupter, tubestand and tubes, phantom and 
ionization chamber were in one room and the electrometer and 
control table in the other. The second room was separated from 
the other by the wall between the rooms and a heavy lead door 
10 mm. thick. During the first measurements it was found that the 
intensity of the radiation emitted from the Coolidge tube was sub- 
ject to quite widely varying fluctuations due to fluctuations in the 
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Fig, 66* — Arrangement of tubes, filtera, water phantom and ionization Gh&mb«r. 

city current. Therefore the measurements were performed dur- 
ing the night hours. However, the same fluctuations were observed. 
They were finally obviated by placing a regulator resistance in the 
circuit, by means of which we were enabled to maintain a constant 
current by the control of the voltmeter and by regulation of the re- 
sistance. Thus it was possible to maintain the intensity of the radia- 
tion perfectly constant even with a long-continued series of experi- 
ments* 

The time was measured within which the electrometer leaf, after 
charging the electrometer, would pass through five divisions of the 
scale. The reading of the eleetrometer was done with a small micro- 
scope. As the discharge times of the electrometer with a constant 
tube intensity are in an indirect ratio to the dose attained at variable 
places, the intensity of the dose could thus be determined. The elec- 
trometer system was kept charged for at least one to two hours 
prior to each measurement to exclude losses of electric current by 
polarization of the dielectric during the progress of the measure- 
ments. 



APPENDIX 



213 



The technique of the measurements was conducted so that after 
alignment of the measuring chamber and anticathode, regulation of 
the field size, adjustment of the F, H,, insertion of filter and regu- 
lation of tube, the entire radiation area was protected from the direct 
rays by a lead filter 10 mm, thick. The time of the discharge of the 
electrometer leaf for five divisions of the scale was then determined. 
As the measuring chamber and the region to be radiated were thus 
well protected from the direct rays, only the scattered radiation 
arising from the walls and objects in the room could act upon the 
measuring apparatus. This radiation has been termed 'Hhe unde- 
sired radiation," It was always measured and taken into account in 
the calculation of the final resnlts. 

For comparison of the measured dose values with each other, 
the dose measured at the surface was always placed at 100 and the 
doses measured in depths of 1 to 10 chl were expressed in per- 
centages of the surface dose. 

After some preliminary experiments we began with systematic 
measurements using a port of entry of 14 cm. square. We determined 
the doses in depths of 0, 2, 4, 5, 6, 8 and 10 cm. The distances of the 
anticathode from the port of entry (F, H.) were 25, 30, 35, 40, 45 
and 50 cm* The X-raj^s were filtered either with 10 mm, aluminum 
or 1 mm. copper. The X-rays were generated in a Coolidge tube 
operated with a voltage having a 38 cm, parallel spark-gap. After 
determining the time consumed for the undesired radiation, the 
discharge times at the designated depths were determined. Then 
columns of observations were made for each field. They were 
obtained so that in the first series the discharge times at 10, 8, 6, 
5, 4, 2 and cm. depth were determined in sequence ; in the second 
at 0, 2, 4, 5, 6, 8 and 10 cm., and in the third at 10, 8, 6, 5, 4, 2 and 
cm. Two readings were made for each point to eliminate, as far 
as possible, any errors in the individual readings. The mean of 
the values found was then taken and the time of the undesired 
radiation was entered in the calculations. The dose at cm. was 
considered 100* Finally the doses for the other distances were 
determined in per cent of the cm. dose from the corrected time 
values. The tables and curves give the best survey of the ex- 
periments. 

To deduce from the tables how large the influence of the scat- 
tered radiation on the dose for the different field sizes and focus 
skin distances is, we determined the half absorption value layer 
for both the hardnesses of rays used in these investigations. We 
then calculated from the laws of squares and the half absorption 
value layer the degree of decrease of the dose within the deeper 
layers without considering the additional intensities obtained from 
the scattered rays. 

We determined the half absorption value layer, avoiding as far 
as possible any scattered radiation and obtained a half absorption 
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valne layer of 2.9 chl in water for X-rays filtered with 10 mm. 
aluminnm, and 3,3 cm, in water for X-rays filtered with 1 mm. 
copper,^ 

The calculated values for the decrease of the dose obtained 
from the law of squares and the half absorption values determined 
are recorded in the table imder the first columns. 

TABLE I. 

Port cd entry; 14x14 cm, 10 Enm-Aluniimim-Filtcr. 

Measnred asd calculated values of dose 

Diftanee rH:=^5 cm FH=30ciii FH=35 cm rH=40 em PH^5cm FH=50 cm 



10 



M 8.5 32.3 9,2 35.9 9.S 37.9 10.3 36.6 10.7 34J ILO 
a 4.7 23.1 5.2 25.5 5.6 25.7 5.9 26.2 6.2 25J M 



TABLE 2. 



Site of field: 14x14 cm, l-mm-Cop per- Filter. 
FH=25cm FH=30 cm FH=35 em FH=40 cm FH=45cm FH=50cm 



(The graphs of tlie values for FH^^5; 35^ 50 and 1 mm. copper filtration are shown 

in Fig. 67. 

For a field size of 14 x 14 cm- an increase of F, H, from 25 to 
50 and X-rays filtered with 10 mm. Al., gives an increase of the 
dose from 22.1% to 25J7o at a depth of 10 cm- in water; and for 
rays filtered with 1 mm. copper a corresponding increase from 
27.9% to 33.7 7<?- Previously we had explained that wHth a change 
of F» H< (with the same size of field and the same hardness of rays) 
the action of the laws of squares is directly the opposite of that 
of the scattered rays* As the influence of the hardness of the 
rays (the absorption coefficient) is independent of the field size, 
the hardness of the rays may be excluded from these considerations. 
The experimental investigation has shown that for a field of 14 
cm. square the law of squares is the determining factor, for with an 
increase in F. H. the depth dose has increased, 

iThe difference of theae values for the half obBorption value layer from those given 
by KrOnig and Friedrich may be explained by the fact that in the details of these experi- 
ments the infliience of the scattered rays found in the radiated water was not as completely 
excluded as in the present methoda. 
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111 order to further investigate experimentally onr conception 
of the connection of the three factors which influence the dose — 
the law of distance, the half absorption value layer, the scattered 
radiation — and if possible, to obtain laws relating to them and the 
F, H, and field size, we changed the sizes of the ports of entry and 
subjected fields of 2, 8, and 10 cm. square to systematic investigations. 
The differences in the values must of course be attributed to the 
variable intensity of action of the scattered rays as neither the 
laws of squares nor of the half absorption value are influenced 
by the field size. Based on the investigations of Kronig and Fried- 
rich, we must expect for the smaller fields (2x2 and 8x8 cnt) 
a steeper course of the graph of the dose and for the field 20 x 20 
cm. a correspondingly more sloping course of the graph than 
shown in the graph determined for the field 14 x 14 cnt 
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Size of field 
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1 -mm -Copper • Filter 
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dose 




m s 

S 


rH^25 cm 


FH=35 cm 


FH=50cm 


1^ 


j!'H^5cm 


FH^=35 cm 


FH=50cm 





100 


100 


100 


100 


100 


100 





100 


100 


100 


100 


100 100 


2 


93.9 


53.2 


72.0 


55,5 


66.9 


67.4 


2 


67.1 


56.3 


62.9 


58.8 


71.9 60.8 


4 


40.5 


28.6 


42.3 


30.9 


42.2 


32.9 


4 


42.6 


32.2 


42.8 


34.7 


47.7 37.0 


5 


30.7 


21.1 


34.2 


23.2 


34.9 


25.1 


5 


34.4 


24.3 


34.3 


26.8 


38.4 29.0 


6 


24.0 


15.5 


26.0 


17.4 


26.7 


19.0 


6 


27.6 


18.5 


27.9 


20.7 


29.1 22.6 


8 


15.0 


8.5 


17.0 


9.8 


16.5 


11.0 


8 


18.3 


10.7 


19.1 


12.3 


18J 13.8 


10 


10.1 


4.7 


10.3 


5.6 


10.9 


6.4 1 


10 


12.1 


6.2 


12.4 


7.4 


12.4 8.5 
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8i£e of field: 


8x8 


cm, I O-mm- Aluminum Filter 


Sixe of field: 


8x1 


a cm, 


1 -minrCopperFiUer 


8 « 


Measured asd calculated values of 
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Measured and calculated values of 








dose 












dose 




m d 


FH— 2 


5 cm 


FH=35 cm 


rH=50 cm 




FH=25cm 


FM^=35 cm 


FH^^O cm 





100 


100 


100 


100 


100 


100 





100 


100 


100 


100 


100 100 


2 


70.4 


53.2 


79.6 


55.5 


80.3 


57.4 


2 


78.0 


56.3 


84.9 


58.8 


82.0 60.8 


4 


58.8 


28.6 


6L2 


30.9 


58.9 


32.9 


4 


54.9 


32.2 


58.0 


34.7 


64.5 57.0 


5 


49.7 


21.1 


50,8 


23.2 


52.0 


25.1 


5 


48.2 


24.3 


51.4 


26.8 


57.9 29.0 


6 


39.9 


15.5 


42.2 


17.4 


42.8 


19.0 


6 


41.2 


18.5 


43.2 


20.7 


48.2 22.6 


8 


27.8 


8.5 


29.2 


9.8 


81.2 


11.0 


8 


29.2 


10.7 


31.8 


12.3 


35.6 13.8 


10 


19.4 


4.7 


20.9 


5.6 


22.8 


6.4 


10 


21.5 


6.2 


23.0 


7,4 


26.2 8.5 



TABLE 7. 
Size of field: 20x20 cm, lO-mm- Alum inrnn' Filter 
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FH=^0 


cm 


FH=35 


cm 


J?'H=40 


cm 


FH=50 


em 




100 


100 


100 


100 


100 


100 


100 


100 




84.6 


54.3 


88.8 


55.5 


86.1 


56.2 


87.8 


57.4 




65J 


29.9 


64.2 


30.9 


70.0 


31.8 


67.8 


32.9 




57.8 


22.3 


57.8 


23.2 


59.6 


23.9 


59.8 


25.1 




47J 


16.6 


51.0 


17.4 


51.8 


18.1 


52.9 


19.0 




35.0 


9S 


38.0 


9.8 


39.0 


10.3 


41.5 


11.0 




26.1 


5.2 


28.1 


5.6 


29.6 


5.9 


81.2 


6.4 
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TABLE 8. 

Bile of field: 20r20 cm, 10-mm-Copper-Filt«r 

Measured and calculated valuea of doso 



Disiaiie# 


















in cm 




















FH=30 


cm 


FH=35 


cm 


FH=40 


em 


FH=50 


em 





100 


100 


100 


100 


100 


100 


100 


100 


2 


88.8 


57,5 


85.8 


58.S 


91.3 


59.4 


93.0 


60.8 


4 


75.2 


ss-j 


70.2 


34.7 


73.9 


35.3 


82.0 


37.0 


5 


66.5 


25J 


62.9 


26.8 


66.2 


27,6 


73.8 


29.0 


6 


56.6 


X9J 


56.2 


20.7 


68.0 


21,6 


69.1 


22.6 


8 


43.5 


11,6 


49.9 


12.3 


47.2 


12.9 


54.1 


13.3 


10 


33.6 


6.9 


34.6 


7.4 


37,9 


7.8 


41.4 


8.5 



The following illustrations show the graphs for the values 
recorded in the tahles, Fig. 67, for the field sizes 2 x 2, 8 x 8 and 
14 X 14, 1 mm. copper filtration and a F. H. of 25^ 35 and 50 cm,; 
and Fig, 68 for a field size of 20 x 20 cm., a 10 mm. aluminum, as 
well as a 1 nun, copper filtration and a F* H, of 30, 35, 40 and 
50 cm. 
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Fio. 67. — Decrease of the dose in the deep with 1 im». «>pper filter and F.H, of 25, SI 
and 60 cm. and field ai&e^ 2x2 cm., B z 8cm. and H x 14 cm. 

The results of the investigations show that our theoretical ex- 
planations have been entirely confirmed. The graph of intensity 
drops steepest in the smallest field investigated (2x2 cm.), and 
slowest in the largest field (20 x 20 em.)- The dose in the depths 
grows larger in all the field sizes with an increasing F* H. The in- 
crease is only a small one in the small fields, and pronounced in the 
larger fields. 

It is seen that the values found for the small fields, particularly 
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the size 2 ii 2 cm,, closely approach the calculated values. With a 
field size the calculated values would coincide with the experi- 
mental values and vice versa; with large fields the values of the 
scattered radiations surpass many times those of the primary rays. 
The practical importance of these facta is very apparent. 

Thus far we have considered the dependence of the graph of 
the dose upon the field size and the relations between the values 
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£0 X 20 caa. 



of the scattered radiation which had been determined experi- 
mentally as well as mathematically* We shall now investigate the 
dependence of the experimental graphs of the doses on their rela- 
tion to the calculated graphs with different large F. H, but a con- 
stant size of field- We have already determined that the dose in 
the depth increases mth an increasing F, H- in all the field sizes 
investigated — only slightly in a small field but considerably in a 
large field* This means that the influence of the law of squares 
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In all radiatioBS we strike first the skin; in aU deep radiations 
we must penetrate throngh it. We should not damage the skin but 
only cause a slight erythema. The question arises how may we 
develop a technique of radiation hased on our physical investiga- 
tions. The answer to this question cannot be given in one sentence. 
We may ask what is the purpose of radiations? Is it necessary 
to bring as high an X-ray dose as possible to a certain depth! Or 
is it desired to treat diseases of the skinf A proper choice of the 
factors determining the graph of the doses can only be made after 
these preliminary questions have been answered. 



Influence of TM, on 


TABLE 9. 
the time of application of a given 


dose with 


[ varying 
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H. 














Vatnea calculated from 


25 


cm. 


30 cm. 




35 cm. 


40 cm. 


45 cm. 


60 cm. 


the law of equares 
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100 
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177.5 


225.3 


278.0 
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100 




142 2 


188.2 


249.2 


300.4 


Field aiie 8x8 cm. .. 


I . - 




100 




136.2 


178.0 


236.0 


287.3 


Field size 14 x 14 cm. . 


1 m . 




100 




139.5 


186.7 


255.8 


329.0 


Field sixe 20 r 2D cm. ., 


... 




100 




143.0 


1S2.2 


230.0 


280.0 


Meaaured values with 


















I mm. Copper filter 


















Field size 2x2 cm. .. 






100 




140.6 


188,1 


242.0 


309.0 


Field size 8x8 cm. . , 


, . . 




100 




138 2 


180.0 


227 3 


295.0 


Field size 14 x 14 cm. . 


. . ■ 




100 




136 2 


173.2 


226.6 


294.0 


Field size 20 x 20 cm. .< 


. t 1 




100 




133.0 


175.9 


240.0 


291.5 



Let ns assume a ease in which it is necessary to apply at a 
great depth (10 cm. beneath the skin surface) as high a dose of 
X-rays as possible. One will necessarily choose: 

1, a very hard ray (1 mm, copper filter), 

2, a large port of entry, 

3, a large F. H, 

It will then be possible to attain the highest deep dose of rays with 
the highest permissible load to the skin. Since with a large F. H. 
the decrease of the intensity of the rays from the tube to the region 
of entry is inversely proportional to the square of the distance, 
that is, very high, a long time will he required before the desired 
dose will have been applied. The radiation vnll be of a long dura- 
tion and the patient's endurance taxed to the utmost. On the other 
hand, the use of electric current, the depreciation of the tube and 
transformer will be very great. The results accomplished relative 
to all these costs are very smalL Since with a large field (20 x 20 
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cm,) and a decreasing F. H, the quotient of the doae falls rapidly 
(22.9% with a 10 mm. A], filter and 27.7% with a 1 mm- Copper 
filter with a decrease of P. H, from 50 to 25 cm.) it will generally 
not be possible in this instance to work with a short F. H, The 
long duration of radiation and the low relative returns must be 
accepted as necessary evils. 

Let us take a second case in which it is necessary to treat a 
pathologic condition also at a great depth. However, a smaller dose 
will suffice to attain the necessary results. It wiH then be possible to 
attain the desired dose, 

1, with the same hardness of rays as in the first case, 

2, with the same port of entry, and 

3, with the small F. H. 

The quotient of the dose wiU be unfavorable, the skin receiving rela- 
tively more rays than in the first case. However, since a much 
smaller amount of X-rays is reqnired, it will not be necessary to 
exceed the skin dose. One has then the great advantage of sparing 
the patient the long exposure and also of operating the instruments 
on a more economical basis. 

If changes in the skin must be treated it is evident that the F. H. 
should be very short and the hardness of rays correspondingly re- 
duced (decrease of filter), for a heavier filtration arrests the largest 
part of the rays emitted from the anticathode. Light filters also 
increase the economy. According to the investigations of Kronig 
and Friedrieh, in which a dosimeter with a graphite measuring 
chamber was used, it does not matter in so far as the biologic action 
is concerned whether harder or softer rays are used. A decrease 
of the F, H. or a decrease of the filter act in the same manner. 
Whether it is necessary in a certain case to change the one or the 
other or both of these factors must be decided for each individual 
case. 

The experiments so far described have been performed with an 
inductor of the Sanitas Company which was operated with a gas 
interrupter and a CooUdge tube with a storage battery for heating 
the cathode. To forestall the claim that the results hold good only 
for this inductor we performed additional experiments with an 
alternating current instrument — ^the Intensive-Reform Apparatus of 
the Veifa Works^ — which also was operated with a Coolidge tube, and 
with a Symmetry Apparatus of Reiniger, Gebbert and Schall, with 
an automatically hardening Miiller hot water tube and an automatic 
Wintz regenerator. 



Experiments mth the Intensive-Reform Apparatus Veifa. 

The apparatus was operated with the Mlovoltmeter placed at 
50 on the scale, which corresponds according to the table to 180,000 



222 



APPENDIX 



valtSi The Coolidge tube was charged with a current of 2.5 m. amp-, 
the heating current of the cathode was 3.8 amp. The heating current 
was not furnished by a storage battery but by a special transformer 
attached to the apparatus. The decrease of the deep dose was in- 
vestigated in the water phantom. The series of experiments were 
performed in exactly the same manner as previously described save 
that the decrease of the intensity was not determined from 2 to 2 
CHLi but at 5 and 10 cm. only. 

Experiments with the Symmetry Apparatus — Reiniger, Oehhert 

and SchalL 

The inductor was operated at a position of 84 to 88 of the scale 
of the selerometer corresponding to a parallel spark gap of 35 to 38 
cm. The tube was charge with 2,0 to 2.4 m, amp. The measure- 
ments were taken in the same manner as with the reform apparatus. 







TABLE 10 










Deep Doset Measured with Different Trftnflformeri 








Size of Field, 8x8 cm., F. H*c^35 cm. 








10 mm. Alumioum Filter 


1 mm. Copper Filter 




Dipth 




iDieuBive 


Depth 


InteiiBive 




in cm. 


Rftdiaiion 


Reform Symmetry 


in cm« Radiatio]i 


Reform 


Symmetry 





100,0 


100.0 100.0 


100,0 


100.0 


100.0 


8 


50.8 


60.1 60.2 


5 51.4 


52.0 


62.3 


10 


20J 


10.e 20,2 


10 23.0 


22.8 


£2J 






Size of Field, 20x20 cm., F. H. = 30 cm. 









100.0 


100.0 100.0 


leo.o 


100.0 


100.0 


f 


57J 


57.4 57.2 


5 66.5 


64.8 


67.2 


10 


26.1 


26.2 26.3 


10 3d.6 


34.9 


34.0 






6ize of Field, 20x20 cm.» F. H.ii=50 cm. 






a 


100.0 


100.0 100.0 


lOO.O 


100.0 


100.0 


§ 


50.8 


60.0 60.0 


5 73.8 


74.1 


73.5 


10 


31.2 


31.8 30.6 


8 41.4 


40.6 


41.0 



The depth doses measured with the various instrumeBts are given 
in Table 10. The measurements ohtained with the Intensive Reform 
Apparatus and Coolidge tube and with the Symmetry Apparatus 
and the Miiller hot water tube correspond so closely to those obtained 
with the Sanitas iuductor and Coolidge tube with conditions of 
operation described, that all criticism is unfounded. It also follows 
therefrom that the biologic action attained with the different instru- 
ments must always be the same, presupposing that the conditions of 
operation are maintained as described. 

The investigations have demonstrated which factors determine 
the intensity prevailing at a given deep point and how the single 
factors are dependent on each other. It must therefore be our en- 
deavor in practical therapy to make the measurements at the seat 
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and region of the disease in each instance if possible. This require- 
ment may be easily fulfilled if the diseased area is located on the 
surface. It becomes difficult if a deep-seated organ is concerned. 
However, the latter requirement may also be attained, for instance, 
in gynecology, by the insertion of the ionization chamber into the 
vagina or rectuuL In other cases this requirement of direct measure- 
ment at the seat of the disease is impossible because the seat of the 
disease is inaccessible or such a measuring chamber is not at hand. 
We then must confine ourselves to a measurement on the surface 
and determine from the surface dose the depth dose. To perform 
a dependable dosation for the depth we must know how and under 
what conditions the intensity of the X-rays decreases in the depth 
of the body- It is possible from the course of a graph of a dose with 
a known hardness of rays, known size of field and known F. H., to 
follow up and determine the decrease of the dose. It is also possiblt 
by interpolation of the values obtained to find those lying between 
them. It is self-evident on account of the errors attached to such 
experimental graphs in spite of all precautions, that in the determi- 
nation of the final values not only a single graph, but the entire 
series of graphs must be taken into consideration. For instance, 
the graphs which have been taken with the same hardness of ray, 
the same field of entrance but varying F. H. In this way we may 
proceed to construct tables which contain numericals for the decrease 
of intensity from centimeter to centimeter for a F. H. of 25, 30, 35| 
40, 45 and 50 cm., and field sizes of 2x2, 8x8, 14x14 and 20x20 
cm., and also of the sizes lying between these, (With known surface 
doses and known location within the body of the diseased area to 
be radiated, the depth dose can be determined from such tables*) 

As such tables would transgress the purpose of this paper and 
since they are of a special interest for X-ray therapy they have not 
been presented in this work but will appear in a later paper. Instru- 
ments of other manufacture that were not at our disposition for these 
experiments will also be subjected to investigation* In the mean- 
time we may collectively state : 

L The dose easting at a given point is composed of primary 
rays and scattered radiation. 

2. The graph of the dose runs a straight course : 

(a) the more favorable the quotient of the dose; 

(b) the harder the primary radiation; 

(c) the greater the size of the field, and 

(d) the longer the focus skin distances. 

The dependence of the increase of the quotient of the dose upon 
the F, H, varies with small and large field sizes. The increase with 
increasing F. H. is only alight with small fields, but considerable with 
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large fields. In the smaller fields the experimental values approach 
the values calcnlated from the law of squares and half absorption 
valne layer. 

3. The quantity of rays striking the surface in a unit of time 
with varying F. H. is in an inverse ratio to the square of distances 
(F. H.) Le., the economy of the operation increases quadraticalty 
with decreasing values of F. H. 

4. With the directions of operation given all the apparatuses ex- 
amined furnish practically the same quality of radiation. The values 
obtained experimentally and the tables constructed therefrom have 
general validity and may serve as a base for a correct dosage in deep 
roentgen ray therapy. 



EXPEBIMENTAL CONTRIBUTION TO THE QUESTION OF 
SECONDARY RAY THERAPY • 

BY W. FRIEDRICH AND M. BENDER 

The problem of secondary ray therapy is relatively old. As early 
as 1910 Albers-Schonberg^ performed experiments with secondary 
rays on biologic objects. Hernamann-Johnson introdnced finely pul- 
verized 8U%^er into the bowels to increase the action of the rays on 
the diseased part of the bowel by the secondary radiation arising 
in the silver. Emulsions of bismuth also have been inserted in the 
body for the same purpose* Other investigators, Steward for ex- 
ample, carried a secondary ray radiator in the solid state in the 
form of plates, wires and tubes into the tissues to be exposed to 
the X-rays. Gauss and Lembcke," also Schwarz investigated the 
influence of the secondary rays from colloidal substances on animal 
and vegetable cells. 

In the monograph written by B. Kronig and W. Friedrich,' bio- 
logic experiments with solid and colloid secondary radiators have 
been reported. 

The results of the biologic tests and the clinical investigations 
are not uniforoL Some believe to have observed an increase in the 
biologic action by the secondary radiators, while others could not 
observe any influence worth mentioning. 

From a purely physical and theoretical viewpoint the problem 
has been quite frequently investigated G. Grossmann* particularly 
has published a detailed discussion of these questions. In recent 
times W. Stepp and P. Cermak,** influenced by physical considerations, 
have introduced during clinical radiations colloidal silver in the form 
of collargol in the bladder and claim to be able to report a positive 
influence of these secondary radiators. G- Spiess and F. Voltz* men- 
tion the question of secondary ray therapy in the monograph **Zur 
kombinierten Chemo- und Strahlentherapie bosartiger Geschwiilste*' 
but leave unanswered the question whether the results of the clinical 
radiations observed could be attributed to the action of colloidal gold 
as secondary radiator or to a purely chemo-biologic action of this 
substance. 

• Strmhlentherapie, VoL XI. 1920, page 1. 
t Alber8-8ch5nberg, F, iL Rontg. 21, 1914. 

» GftUBt u. Lembcke, Rantgeutiefenatrahlentherapie, 1D12. 

■ Kr5nig-Friedrich, Physik. u. biolog. Grundlagen der Strahlentherapie, 1918, 

« O. OroBsman, F, d. ROntg. 22, H. 4. 

• W. Stepp u. P. Cermak, \L med. W. 1918, No, 40. 

• O. 8pieB« u. F. VoltE. F, d. EOntg. 2d, H. 4/6. 
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Tlie authors mentioned generally entertained the same hypotheses 
in their investigations. 

The object of radiation therapy, particnlarly of deep therapy is 
to eanse a definite quantity of homogeneons X-rays to be absorbed 
in the depth of the human body. The quantity of the absorbed radia- 
tion energy or the radiation dose must be very large, especially in 
the treatment of malignant tumors. In the solution of the problem 
the fact must be considered that the region of the body lying above 
the disease area to be treated, above all the skin, can receive only a 
certain radiation dose without suffering damage. To avoid injuries 
to the skin and yet be able to bring the desired dose to the depth, 
the rays must be very penetrating. They should be the harder the 
deeper the diseased focus is located. In other words, the quotient 
of the dose, i.e., the ratio of the deep dose to the surface dose which 
is chosen, must be greater the deeper the radiated area is situated, 
that is, it should approach the value 1. 

In spite of the important progress made in the development of 
transformers or inductors for the production of rays as hard and 
penetrating as possible, one is oftentimes not in a position, with 
deeply located diseased areas, to attain the quotient of dose de- 
sirable. A special technique of radiation must be used, the so-called 
crosS'fire radiation, to obtain at a designated place and region the 
desired dose through several ports of entry. Many undesirable side 
actions result from this method. We only mention the severe dam- 
ages to the blood which result from the large radiated portion of the 
body and which may render illusory the treatment. It was natural 
to hit upon a method of rendering the quotient of dose much more 
favorable by other means than an increase of hardness of the rays 
or a further development of the radiation technique* It was thought 
that this agent had been found in the property of the X-rays by which 
they excite in certain substances a strong secondary radiation. 

We know^ from the researches of Barlda and his pupils that there 
are three kinds of secondary rays. The first ray, which has been 
termed scattered radiation, possesses the same physical properties 
as the exciting primary ray. It is analogous to the scattering of 
light rays in an opaque mediraiL The scattering coefficient is rela- 
tively very small Ac<;ording to Barkla it is only about 0.2 for 
substances of light atomic weight for all Mnds of rays. W. Fried- 
rich' has demonstrated that the scattered radiation has an essential 
importance for the size of the dose, especially with large fields of 
entry, in spite of the small scattering coefficient. This does not only 
apply to the use of X-rays but also to the intracorporeal use of the 
rays of radio-active substances. So far no importance whatsoever 
has been attributed to this scattered radiation in secondary radiatioa 
therapy. 
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We shall see that this view is false and that the scattered radia- 
tion plays quite a considerable role in secondary radiation therapy* 

The second variety of secondary radiation, the so-called second- 
ary characteristic ray or fluorescent ray, is a radiation which does 
not physically resemble the primary radiation, in contradistinction 
to the scattered radiation, but is solely and singly characteristic for 
the substance in which it is excited. Though all substances emit a 
characteristic ray, only substances of a high atomic weight, such as 
that of iron or still heavier metals, are of importance for secondary 
radiation therapy, as only their characteristic radiations can pene- 
trate the surroxmding tissues to an appreciable depth* Another point 
must be considered in this connection, characteristic radiation in 
media of less atomic weight is not excited to a desirable degree with 
the hard primary radiation used in present day practice, since the 
range of the greatest excitation of characteristic radiation has al- 
ready been surpassed. The ratio of the energy of the characteristic 
secondary radiation to that of the primary radiation is much higher 
in contradistinction to that of the scattered radiation. In the most 
favorable instance about 30 per cent of the absorbed energy is sec- 
ondarOy emitted. On account of the much greater absorption of the 
primary rays in a secondary radiator of high atomic weight — par- 
ticularly within the selective range — the absolute amount of the 
secondary radiation energy is still further increased. 

Because of these facts it is obvious that the characteristic second- 
ary radiation of substances of high atomic weight can be used to 
increase the dose at a given place in the body and thereby the 
quotient of the dose is improved. 

The third variety of secondary radiation, the so-called secondary 
cathode rays or secondary beta radiation, differs entirely in its physi- 
cal nature from the two other secondary rays mentioned* It is not 
an electro-magnetic wave but a corpuscular radiation. As is well 
knoTMi it consists of electrons which move about \\ith a more or less 
great velocity. The corpuscular nature of this secondary radiation 
is the reason for the relatively rapid absorption. The beta rays of 
known high velocity derived from radio-active substances are ob- 
sorbed in a few millimeters of tissue, while the beta rays excited by 
the X-rays possess a still smaller penetrability. Though the biologic 
action of all kinds of rays must finally be attributed to such a beta 
radiation, its activity is so small that it may be neglected in second- 
ary radiation therapy. 

The characteristic secondary radiation therefore is considered to 
be of importance in secondary radiation therapy. The great influ- 
ence of the scattered radiation of the radiated tissue on the absolute 
size of the dose and the dose quotient makes it appear probable that 
the scattered radiation also plays an important role in secondary 
radiation therapy. 

We decided to obtain information on secondary radiation by 
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experimental researches as the methods of calculation are too com- 
plicated. The latter method also does not give exact results as the 
constants employed therein are not dependable* 

We next propomided the question : Are the X-rays used in radia- 
tions, especially deep radiation therapy, able to excite secondary 
rays in a secondary radiator of a kind and amount to render them 
useful in therapy! 

The method of measuring used was the ionization method based 
on the discharge of a charged electrometer by ionization of the air 
due to the rays. We employed the same instrument as described 
on page 10. The ionization chamber was of a disc shape with a 
volume of 1 ccm. The walls were made of aluminum 0.01 mm. thick. 
The inner electrode connected to the measuring chamber consisted of 
a thin aluminum wire. As the ionization chamber was placed within 
water during the measuring it was rendered watertight by a thin 
layer of varnish. The walls of the chamber were chosen as thin as 
possible so that the radiation could enter it in an almost unweakened 
state. 

We paid special care in the arrangement of the apparatus that 
an undesired secondary radiation could not strike the ionization 
chamber so that we obtained solely the effect of the secondary 
radiator. 

A Coolidge tube with a tungsten anticathode served as a source 
of radiation for the X-rays. The tube was contained in a bowl lined 
with heavy leaded rubber and attached to a stationary stand. A 
movable diaphragm was placed beneath the tube bowL The filters 
also could be inserted at this place in the radiation beam. The tube 
was operated by a large inductor Tvdth gas interrupter. A hot ventil 
tube was placed in the secondary conductor to avoid a short circuit 
The ionization chamber was placed at a distance of 40 cm. from the 
anticathode in the center of the radiation beam. The rays passed 
through a fixed opening in the table cover so that only the secondary 
radiation of the air would appear as imdesirable rays during the 
tests. The intensity of these secondary rays, however, did not have 
any influence worth mentioning on the result The secondary radi- 
ators to be tested could be placed directly beneath the ionization 
chamber by means of proper holders. 

As it was impossible to examine all the methods of technique and 
filtration made use of in therapy, we made the following selections : 
We first employed an X-ray filtered vdth 3 muL Al. emitted from a 
Coolidge tube operated with an inductor and gas interrupter furnish- 
ing a voltage with a parallel spark gap of 30 cm. measured between 
point and disc. Secondly we used an X-ray filtered with 10 mm* Al, 
arising from a Coolidge tube operated with an inductor and gas in- 
terrupter furnishing a voltage with a parallel spark gap of 35 em, 
measured between point and disc* The hardest X-ray employed was 
filtered with 1 mm. copper and was obtained from a Coolidge tube 
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operated with an inductor and gas interrnpter furmshing a current 
of a voltage having a parallel spark gap of 40 cm. between point 
and disc 

Secondary radiators of a solid and pnlverized state were ex- 
amined. The second kind was used in the form of aqueous and 
coUoidal solutions. 

As solid secondary radiators we chose silver, tungsten, platinum 
and lead, and for purposes of comparison aluminum, A character- 
istic secondary radiation was not present within the range of hard- 
nesses maintained in these tests. These materials possessed the form 
of sheets of different thicknesses. The size was 10 by 10 cm. We 
had at our disposal only a block of tungsten about 15 mm. thick. 
The thickness of the sheets sufficed to attain the optimum of action 
of the secondary radiation. To obtain values of comparison for the 
tests in the water phantom to be described later on we used the silver 
and lead in square sheets of a size 15 by 15 cm. 

As secondary radiators in a finely divided state we selected the 
folloT^Nnng solutions: Aqueous solutions of potassium iodid of 1 to 
40 per cent, barium chlorid of 1 to 14 per cent, sodium wolframat 
of 1 to about 10 per cent, and finally as a representative of colloidal 
solutions 1 per cent collargol. 

Iodine and silver, in the solutions stated, may be readily inserted 
in the biologic object, especially the human body; solutions of barium 
and tungsten cannot be thus introduced. Powdered barium sulphate 
may be introduced in the stomach and bowels in the form of opaque 
meals; in this fonn it is too unhandy for our tests. Other non- 
poisonous bismuth compounds do exist. The chemical composition 
does not play any role since an even distribution of the secondary 
radiator is the only requirement necessary for the purely physical 
problems of secondary radiation* 

The solutions were placed io cases of thin celluloid 10 cul long 
and wide and 3 cm, high. The sheets of celluloid were less than 
% mm. thick. Hence the secondary rays could reach the ionization 
diamber iq an almost unweakened condition. 

The course of the experiment was as follows: The tube was 
regulated to the desired degree of hardness by adjustment of the hot 
filament current and the primary current of the inductor. The par- 
ticular filter was inserted into the ray beam. The tube was run for 
some time before taking a measurement until it became constant. A 
measurement was then taken by observing the time during which the 
electrometer leaf passed through five divisions of the scale, first 
with the ionization chamber alone in the radiation beam and again 
when the secondary radiator to be tested had been placed just be- 
neath the ionization chamber. The measurements were repeated 
several times in order to eliminate fluctuations of the X-ray tube if 
they were still present. The time values are inversely proportional 
to the energy which strikes the ionization chamber. The undesired 
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radiation to be considered and the loss from defects of insulation of 
the electrometer system were determined by special tests and en- 
tered in the final calculation of the results. An extract from the 
observation joomal is given in Table 11. It also serves as an example 
of the exactness with which the measurements were made. We con- 
clude from these values that the method of measuring is a very 
exact one, 

TABLE 11 

SeGondaiy radiator Ag,; X-rmj filt€r«d with 10 mm. Al.; Heasurement ia air, undt- 
UTtd imdiation ; 142*' for 5 diTisionfl of the scale. 



Tim© values In seconds of the discharge 
of the electrometer 



Secondary radiation in per cent of the doM 
without secondary radiator 



WitHout Ag. 


With Ag, 




29,8 


24 




20.2 


24.0 




29.0 


23.0 




29,0 


24,6 




28.0 


24.0 


17.0% 


28.6 


24.0 


Taking the undestred radiation into 


29.0 


23 6 


consideration; 


28,6 


23,6 


17,4% 


28.6 


23 6 




28.0 


23.0 




Mean ralue: 


Mean value: 




28.8 


23,7 





In Table 12 the results of the measurements in air of the sec- 
ondary rays of the secondary radiators are given. The different 
secondary radiators are entered in the first column; the measured 
values for the secondary radiation in per cent of the dose without 
secondary radiator are entered in the second to fourth columns for 
the three varieties of rays used. 

Of the solid secondary radiators silver causes the strongest sec- 
ondary radiations, while the substances of higher atomic weight set 
up a smaller secondary radiation. In the latter the hardness of the 
primary rays is evidently not yet sufficient to strongly excite the 
K-radiation of these substances, while the maximum of the excitation 
of the essentially softer K-radiation has already been passed- 

The results in general show a not inconsiderable secondary radia- 
tion and a dependence upon the concentration of the solution is 
plainly seen. This may be explained by the much more diluted state 
of the secondary radiator in the soluble form. The secondary rays 
in this instance cun reach the surface from a greater depth in con- 
trast to the solid substances. An appreciable dependence of the 
intensity of the secondary radiation upon the hardness of the 
primary ray, within the extent of the hardnesses investigated, is not 
present. A slight dependence may in general be observed in the sense 
that the intensity of the secondary radiation is somewhat smaller in 
the more heavily filtered rays. 
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TABLE 12 






Seeondarj radiation 


in per eeni. of dole withont w 






radiator 




Seeondarj radiator 










Rays filtered with 


Bays filtered with 


Bays filtei 




3 mm Alamimim 


10 mm Aluminum 


1 mm 


Ag 10X10 em 


17.5 


17.4 


17J5 


Pb 10X10 cm 


7.1 


5.9 


5.2 


Pt 10X10 cm 


6.7 


4.8 


3.8 


Al 10X10 cm 


3.5 


2.6 


1.8 


1 mm 








Al 10X10 cm 


3.0 


2.1 


0.9 


5 mm 








•JE 10X10 cm 


17.2 


16.2 


13.2 


Salt 








BaCl 10X10 cm 


15.7 


15.7 


12.9 


Salt 








Ag 2X2 cm 


9.2 


8.0 


6.5 


W 2X2 cm 


8.2 


8.1 


8.1 


Pb 2X2 cm 


4.7 


3.0 


2.8 


JK 1 o/oo 


15.4 


14.3 


11.6 


JK 1 0/^ 


17.2 


16.1 


13.0 


JK 10 Vo 


19.6 


18.1 


16.0 


JK 20 o/o 


20.0 


18.3 


16.1 


JK 40 o/o 


21.1 


19.5 


16.1 


BaGj 1 o/oo 


12.6 


11.8 


9.0 


BaCla 1 o/o 


13.6 


12.7 


11.1 


BaClj 10 Vo 


15.4 


14.2 


14.1 


NaW04 1 o/oo 


13.4 


12.3 


10.3 


Na WO4 1 0/0 


14.1 


13.0 


12.2 


NaW04 100/0 


14.3 


13.0 


12.2 



Collargol 1 0/00 



15.9 



16.2 



13.4 



After we had proven by the preceding experiments that a some- 
what appreciable secondary radiation is excited in the secondary 
radiators by the X-rays produced by a definite mode of operation, 
we approached the solution of the main question : 

Is this secondary radiation able to increase the dose within the 
biologic object? 

The experimental tests of this question met with very great diffi- 
culties in the biologic object. Therefore we used the water phantom 
described on page 77 since water possesses on the average the same 
property of absorption of X-rays as the biologic tissue. 

The distance from the anticathode to the surface of the water 
(F. H.) was 40 cm. The size of the field measured on the surface 
of the water was 15 by 15 cm. With proper supports made of inert 
material (glass and wood) the secondary radiators could be placed 
immediately beneath the ionization chamber. 

The course of the test closely followed the one described above. 
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The measurements were performed so that the dosimeter chamber 
was placed on the surface. The question applied to conditions pre- 
vailing in actual practice would be : Is a secondary radiator placed 
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close beneath the surface of a biologic object able to increase the dose 
at the surface f The results of the measurements with the solid 
secondary radiators are collected in the following table; 

TABLE 13 

Seeondarj radiation in |»eT cent, of dose witbont afcondary 
radiator 
Second&rj radiator 

Bays filtered with RajB filtered witb Baja filtered with 
3 tnjn AliMOLnimi 10 mm Aluminum 1 mjn Copper 



Al 



— 5.9 



5.4 



— 5.1 



5 mm 



We observe that the dose is not at all increased but is decreased 
by the insertion of a secondary radiator. This result appears at 
first to be surprising as we had demonstrated that the hard rays 
used in our tests are able to excite a relatively strong secondary 
radiation in these substances. The following consideration will 
explain the result : 

As already mentioned, the scattered radiation of the irradiated 
region plays an important role in the absolute size of the dose. With 
the field size of 15 x 15 cm* the amount of the dose of the scattered 
radiation in the tissue in the center of the radiation region is larger 
than the dose applied directly by the primary rays. A secondary 
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radiator placed in this tissue area absorbs a part of the scattered 
rays of the tissue lying beneath the secondary radiator and also 
excludes them from the area of tissue lying above the secondary 
radiator. Thereby the absohite amount of the dose is decreased. 
On the other hand the primary ray forms in the secondary radiator 
secondary rays that should increase the dose. In this instance the 
amount of the dose lost by absorption in the secondary radiator is 
evidently larger than that emitted by the secondary radiator. 

The dependence upon the hardness of the primary rays is very 
slight, if it is at all present. 

The conditions are 8ome%vhat different if secondary radiators in 
a finely divided form are employed. Table 14 gives the results of 
measurements with such substances again taken on the surface of the 
phantom, 

TABLE 14 

Secondary radiation in per cent, of dose without flecondft^ry 
radiator 

Secondary radiator Bays filtered with Hays filtered with Rays filtered with 
3 mm Aluminum 10 mm Aluminum 1 mm. Copper 



JK 1 Voo 


+4.6 


+4.1 


+5,9 


JK 1 04 


H-8,8 


+3;0 


+3.1 


JK 10 O/o 


+0.4 


+ 0.4 


+0.2 


JK 20 0/^j 


— L2 


—1.1 


—1.8 


JK 40 y^ 


—4.1 


—4.7 


^,1 


BaCt^ 1 <>/oo 


+S.4 


+4.2 


+4,0 


BaOg 1 Vo 


+1.T 


+2.5 


+3.5 


BaCIa 10 o^ 


— fi.8 


—£.8 


—1.3 


NaW04 1 VtM 


+5J 


+5,1 


+5.3 


NaW04 1 Vo 


+2.3 


+3.1 


+3.5 


NaW04 ca. 10 Vo 


—3.0 


-^J 


—2.7 


Collargol l/oo 


+4a 


+4.6 


+3.6 



TVe see indeed that a slight increase of the dose occurs from the 
secondary radiators if they are dissolved in water. The amount of 
the (lose excited in the secondary radiator is somewhat larger than 
the one lost by arrest of the scattered radiation. Here also a de- 
pendence of the intensity of the scattered radiation upon the con- 
centration of the solution is shouTi the same as in the investigations 
in air. To obtain an instructive picture of these facts the values for 
solutions of potassium iodid have been entered in the form of graphs 
in Fig. 70. The values above 1 per cent of the abscissa have been 
entered in a different scale. The lower curve refers to the values of 
the dose in the depth. 

We deduce from the course of the graphs that weak solutions of 
the secondary radiators cause an increase in the dose. With solu- 
tions of about 18 per cent the secondary radiation dose and the dose 
lost through absorption of scattered rays are in equilibrium. We 
obtaiii the same value of dose as if a secondary radiator had not at 
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Fig* 70» — Depi-mlence of the Mecondary 
radiation on tin* ciiMc«iitriitinn of 
the solution in f>er cent, of the (logt« 
without secondary radiator. 



all been used. With higher concentra- 
tions the values are again negative, 
due to the strong filtration and con- 
sequent absorption. This observation 
may again be attributed to concentra- 
tion of the solution of the secondary 
radiators. 

Following these experiments we 
next conducted the tests in the deep 
regions of the phantom. We raised 
the following question: Are the sec- 
ondary radiators able to increase the 
dose in the biologic object at a depth 
of 5 chl! 

The results of the measurements 
are collected in the foUownng table for 
solid as well as for finely di%dded sec- 
ondarv radiators. 



TABLE 15 



Secondary 


X-rayg filtered with 


RadiEtor 


3 mm Aluminum 


A^ 


— 4.2 


Pb 


-^14.4 


Vt 


—13,1 


AI 1 mm 


-^ L3 


Al 5 mm 


— 3.7 


KI 0J% 


^ 2.2 


KI 1% 


— 2.7 


KT 10% 


-^ 3,8 


Kl 20% 


— 5.9 


Kl 40% 


-= 7.6 


Bad, 0.1% 


-- 2.1 


BaClo 1% 


— 2.8 


BaCU }0% 


— 6.3 


KaWO^ 0,1% 


-^ 11 


NRWO4 1% 


— 2.9 


NaW04 10% 


— 6.6 


Collargol 0.1% 


— 2.4 



Secondary radiation in per cent, of the dose 
without secondarv radiator 



X rays filtered with X-rays filtered with 
10 mm Aluminum 1 mm Copper 



We deduce from these values that the dose is diminished 1)Y the 
solid secondary radiator in the same degree as on the surface. The 
values obtained using secondary radiators in finely divided form are 
also negative with the exception of those obtained with the 1 per 
cent solution of sodium tungstenate, in which case values on the sur- 
face also were rehitively the greatest. With tungsten a role may 
be played by the fact that it absorbs its own characteristic radia- 
tion in less degree; it is therefore more permeable for its own char- 
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acteristic radintion. The ebaraeteristic rarliatioTi nf tiingsten as a 
pronounced component is indeed present in the primary rays as a 
K-radiation on account of the tungsten cathode of tlie Xray tube and 
the voltage used. This has been verified by speetroseopie examina* 
lion. The generally much smaller values of the dose in comparison 
to those found on the surface may be explained by the fact that the 
primary radiation becomes increasingly hardened by passing through 
the layer of water above the dosimeter chamber. The excitation of 
the soft L-radiation of the heav\^ elements, as the relatively soft 
K-radiation of the elements Ag» I and Ba, will be less pronounced 
at the surface, because the mean hardness of the primary rays has 
been removed farther from the range of greatest excitation. The 
hard Kradiation has probably not as yet been sufficiently excited in 
the heavier metals. If a Roentgen tube with platinum anticathode, 
for instance a Lilicnfeld tube, is used, in the spectrograph of which 
the K-radiation of Ft appears as the strongest component ivith the 
method of operation and filtration employed, the K-radiation of 
tungsten is not excited in a sufficiently marked manner. This was 
verified by several tests. It might perhaps be possible by using still 
harder primary radiations obtained by increasing the potential at 
the tube to excite the K-radiatioo of the heav>^ metals as tungsten, 
platinum, and so forth, to the point that the Kradiation may gain a 
still greater importance for secondary radiation therapy, 

A dependence of the dose upon the concentration of the solution 
is again present in the same degree and behavior as previously 
stated. T}ie lower graph in Fig. 70 represents the values of potas- 
sium iodid. 

The arrest of the scattered rays of the irradiated region by the 
secondary radiator in the biologic tissues explains the decrease of 
the dose in the tissue lying above the secondary radiator. If this 
hypothesis is correct w^e must deduce that the size of the field 
possesses an influence on the results of measurements. 

The amoimt of the total dosage which the tissue received in the 
center of the radiation field from the scattered rays of the irradiated 
tissue is obviously dependent on the field size, as has been shown 
previously. The use of the same sized secondary radiator will the 
more arrest the scattered radiations from the tissues lying above it 
the larger the field size is, while the amoimt of the dose of the sec- 
ondary rays excited in the secondary radiator which strikes the 
tissue areas remains the same. In small radiation fields the action 
of the secondary radiator must be more intense than in the larger 
fields. 

In the following tables the results of our investigations with 
varying field sizes of 2 to 15 cm. square have been compiled. The 
eecondary radiators used w^ere silver, lead and tungsten in the form 
of sheets of 2 cm. square. The details and method of measurement 
were the same as in the former tests. 
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TABLE 10 

Bependtnee of the dose from the size of field (Becondarj rsdiator jost beneath the 

surface) 

Secondary Secondary radiation in per cent, of dose without Ilardaesa 

radiator secondary radiator and a field iii^e of of rays 





2X2 em 


4X4 cm 


ex6 cm 


8X8 cm 


15X15 cm 


Ag 


+3.2 


+1.2 


—3.3 


—3.8 


— 4.6 


Rays SHered 


W 


+2.3 


—2.2 


—3.5 


—5.1 


— -i.l 


with 3 mm Al. 


Pb 


—3.5 


—3.8 


-4.3 


— 5.» 


— 1.2 




Ag 


+3.4 


+0.7 


—3.5 


— 3J 


— 4.d 


Rays filtered 


W 


+3.4 


—3.0 


—3.1 


— 4.1 


— 74 


with 10 mm Al 


Pb 


—2.3 


-^.2 


—5.5 


—6.2 


— 8.7 




Ag 


+ 3.1 


+ 1^2 


— 2.e 


—3.5 


— 4.3 


Bays filtered 


W 


+3.1 


—2.8 


—4.2 


—i.S 


— 7.0 


with 1 mm Copper 


Pb 


—2.4 




^.4 

TABLE n 


—7.3 


— &.2 





Dependanee of the dose from the sixe of field (sepoodory radiator in a depth of 5 cm) 

Secoodary Secondary radiation in per cent, of dose without Hardness 

radiator secondary radiator and a field size of of raya 





2x2 cm 


4X4 em 


6x6 era 


8X8 cm 


15X15 em 




M 


+4.2 


+ 1.3 


^2.5 


—3.5 


— 54 


Rays filtered 


w 


+3.2 


—3.2 


—5.9 


—8,2 


—10.8 


with 3 mm Al. 


Pb 


-1.1 


—4.1 


—5.8 


—6,7 


—11.3 




Ag 


+4.1 


+ 14 


--2.6 


-«4.8 


— 5.1 


Rays filtered 


W 


+3.6 


—2.9 


--5.1 


—6.4 


—10.3 


with 10 mm Al. 


Pb 


—0.9 


-4.0 


—6.1 


-^.2 


—10.2 




Ag 


+4,1 


+1.2 


—2.4 


—3.9 


— 5.1 


Rays filtered 


W 


+3.1 


—3.1 


—5.1 


—6.1 


—11.5 


with I mm Copper 


Pb 


—1.6 


—3.5 


—5.9 


—60 


—11.3 





As n mattor of fact \vc see tliat the suspected dependence is pres- 
ent at the surface and at a deptli of 5 em. Figs. 71 and 72 represent 
the values in the graphs for silver and tungsten at the surface. 

In the preceding paragraphs we investigated the influence of the 
secondary radiator on the dose in such a way that the solid or finely 
divided secondary radiator was placed beneath the dosimeter eham- 
her^ therefore beneath the tissue area to be radiated. This method 
of application of the solid secondary radiation is the only one of 
practical importance, while that of the finely pulverized or dissolved 
secondary radiators is in most instances different. The dissolved 
secondary radiator is distributed over the whole region to be exposed 
to the X-rays, for instance by injecting solutions of potassium iodid 
into the tumor. We therefore raise the question : Has the presence 
of a secondary radiator in aqueous solution distributed within the 
tissue area to be treated an influence on the size of the dose within 
this area, for instance on the size of the dose which a tissue area 
receives in the center! 
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^^^H To subject the question to an experimental solution we employed ^^^H 
^^^H a kind of tumor phantom. We surrounded the ionization chamber ^^H 
^^^H with a hollow glass ball of a diameter of an average sized tumor, i, e., ^^H 
^^^H 6 cm- Two glass tubes were attached to the walls of the glass ball ^^H 
^^^H at opposite points. The lower one served for the introduction of the ^^^| 
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in liquid form or of plain water, if it was desired ^^^^^| 
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FiQ. 72. — ^Dependence of the secondary radiation on the size of field in p^r cent, of ih€ ^^^^| 
d09c withoyi secondary radiator. ^^^^| 

the sohition of the secondary radiator or water. See Fig. 69. ^^H 
Through the stopcocks 11 and by lowering or raising the respective ^^H 
bottles the glass cavity could be quickly tilled wth the desired liquid. ^^^| 
The measurement was performed so that the glass ball was succes- ^^^| 
eively filled with water or with the secondary radiator. The dose ^^H 



^^^^^^^^H was always determiBed with a oonstaot primary radiation* Other- ^^H 
^^^^^^^^^H wiae the coarse of the expenment was the same as previoiislT ob- ^^H 

^^^^^^^^^H The results of these tests are shown in the foUowiikg taUe: ^^M 

^^^^^^^^^^^^^^- StCfla^ary rmdimiio« in per t^nt of dose viUbost ^^^| 

^^^^^^^^^^^^^^^B aeeottdrnfy r»diatar ^^^H 

^^^^^^^^^^^^H St€^miBwj rmSmUir Bsji filtered with Eaj« filu?«^ witk Baj:, IQtei^d witli ^^H 
^^^^^^^^^^^H S mm JUaminiaii 10 mm AJiimi«ttiB 1 nun Cttfiper ^^M 

^^^^^^^^^^H 10 0/^ _67J9 "MO -.M.4 ^^M 

^^^^^^^^^^^B Perusing these values we observe that on an average a somewhat ^^H 
^^^^^^^^^^^^ more favorable total dose Is obtained with the weaker solutions than ^^H 
^^^^^^^^^H uith the use of the solid secondary radiators in the deeper tissues ^^H 
^^^^^^^^^H beneath the diseased area. An increase of the dose through the ^^H 
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tor is here also present only in the case of NaW04 ^^| 
the same reasons previously cited. The values drop ^^H 
y \\dth the stronger solutions, as in the case of 107o ^^H 
m to 32^. The absorption of rays in the solution ^^H 
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above the dosimeter chamber plays here an iinportant role* The 
dose of the primary rays directly applied to the region of the meas- 
uring ehaiiiber is greater in less concentrated solutions than in the 
concentrated forms. On the other hand a larger per cent of second- 
ary radiation and alao scattered radiation reaches the dosimeter 
chamber on account of the more even distribution of the secondary 
radiator. Fig. 73 shows the values of KI in a graphic presentation. 

Reviewing the investigations collectively we may summarize : 

1. A rather pronounced secondary characteristic radiation is ex- 
cited in the secondary radiators ^nthin the range of hardness of the 
X-ray employed. 

2. Tn the biologic object or water phantom the influence of the 
secondary radiator on the dose, in the sense of an increase, is slight 
when applied, as shown in these tests. A diminution in the dose 
occurs in most of the cases through absorption in the secondary 
radiator of the scattered rays of the tissue area beneath the sec- 
ondary radiator. 

3. The action of the soluble secondary radiators depends on the 
degree of concentration of the solution. It is greatest in a positive 
sense with the relatively weak solutions. 

4. The size of the radiation field is of influence on the action of 
the secondary radiator. The action is more marked in small fields 
than in the larger ones, 

5. Secondar>" radiation therapy is therefore of doubtful merit in 
therapy wnth tlie hardnesses of rays at present at our command. 

The method of the dosimeter procedure which is based on ioniza- 
tion, permits the measurement of rays entering the ionization cham- 
ber that are of the character of X*rays. The beta rays emitted from 
the secondary radiator cannot penetrate into the interior of the 
ionization chamber to ionize the air in the chamber even through 
very thin walls. Though in radiation therapy a .great deal of im- 
portance has so far not been attributed to the beta radiation because 
it is very readily absorbed, still wo know that a hard beta radiation 
appears within the range of selective absorption when we use sec- 
ondary radiators of high atomic weight. The biologic action of the 
X-rays is certainly an indirect one and due to the action of the beta 
radiation excited. The action of beta rays is confined to relatively 
very small areas on account of their great absorbalulity in tissue. 
The cells surrounding the individual molecules of the liquid sec- 
ondary radiator or the granules of molecules* of the colloidal radi- 
ators are exposed to a hard beta radiation. 

We therefore cannot overlook the possibility that an increase of 
the general action of the total radiation may take place in the denser 
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tissue layers if a strong beta radiator is present in a finely divided 
state. If a solid secondary radiator is used a thin layer of tissue 
lying adjacent to the radiator is struck by the beta rays. The experi- 
mental investigation of the influence of the beta rays of a secondary 
radiator on the dose by the ionization method of measurement is not 
possible because the beta-rays cannot enter the measuring chamber. 



THE DISTRIBUTION OF THE RADLVTION DOSE IN 
IXTRACORPOREAL RADIUM AND MESOTHORIUM 

THERAPY* 

BY W. FRIEDRICH AND OTTO GLASSER 

The intracorporeal radiation treatment of beiii^ and malignant 
tumors, for instance of the body or cervix of the uterus, has sho%vn 
that the action of the rays on the diseased tissues is less favorable 
the farther the tissne is removed froni^the source of radiation. The 
explanation is that the dose of the rays which is applied during a 
known time duration of irradiation is smaller the greater the dis- 
tance of the tissues from the source of the radiation. The decrease 
of the dose with the increase in distance is due to the dispersion and 
the absorption of the rays in the tissue area traversed. The influ- 
ence of the dispersion on the intensity of the dose is determined by 
the laws of squares. The degree of the absorption of the gamma- 
rays of radium or of mesothorium is also known through the inves- 
tigations of Mayer and Keetmann, although the results of the meas- 
nrements of absorption by these investigators differ due to the 
difference in the details of the methods of measurement of the ab- 
sorption employed. 

Tlie decrease in the dose with increase in distance from the source 
of radiation is not of any import in the treatment of small surface 
tumors as skin cancers. However it is of great importance in the 
treatment of larger tumors and especially of deeply situated internal 
tumors. Experience has taught us that in the latter instances the 
diseased tissue is not the only one damaged by the rays, but tlie nor- 
mal tissue lying within the range of the radiation field is also dam- 
aged, though to a lesser degree. If the diseased tissue to be radiated 
is located more distantly from the source of rays than the normal 
tissue it has been frequently observ^ed that the healthy tissue may 
evince a severe reaction though the abnormal tissue has not been 
acted on to the degree desired. Such conditions may prevail in can- 
cers of the uterus, the cervix, and of the rectal or the vesical 
mucosa». 

It is evident that attempts have been made to obtain an accurate 
knowledge of the exact action of radium or mesothorium existing 
in the immediate surroundings of the radio-active capsule inserted 

• StrahlenUierapie, Vol. XI, 1920, page 20. 
241 
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within the body cavities. In 1914 B. Kroenig and J. Koenigsberger* 

propounded a formula for the intensity of rays for the purpose of 

calculating the distribution of the dose. It is written 1-- |^(1— a)**. 
1 means tlie intensity of tlie impulse obtained at a given location 
where the dose is to be determined; m the activity of the capsule in 
milligrams of radium bromid; d the distafice of the capsule from the 
region of the body to he rayed; a indicates the energy absorbed in 
one cubic centimeter of tissue, which, of course, is always a fraction 
of the energy originally emitted. E. v. Seuflfert* proposed a similar 
calculation in which besides the two factors meDtioned in the previous 
formula, another factor was added, namely, the geometrical form 
of the radiation capsule. Recently E< Kehser,** * published articles 
on the deep action and the stimulation dose of radium and mesotho- 
rium. He uses the same formula as Kroenig and Knenigsberger for 
the calculation of the dose from the laws of distance and absorption, 
however with the difference that he calculates with radium element 
instead of radium bromide. lie enters into a lengthy discussion on 
the distribution of gamma radiation in human tissue, on the cancer 
dose, on the melting dose of cancer tissue, on the stimulation dose of 
malignant epithelial cell tumors, and so forth. Calculations of the 
radiation dose have been published by Adler,' who took the geometri- 
cal size and form of the radium capsule into consideration with the 
result that the tubular form of radio-active preparations causes a 
much greater decrease in the dose with distance than would appear 
from the law of squares or the inverse ratio. 

We intend to discuss the purely physical aspect of the distribu- 
tion of the intensity of the dose and \nll not touch on the biologic 
significance. The purpose of this investigation is to demonstrate 
that the methods, used hitherto, to calculate the dose solely from the 
laws of distance and absorption lead to faulty results, A very im- 
portant factor, namely the secondary radiation arising in the radi- 
ated structures and tissues, has not been considered. The geometri- 
cal form of the radio-active capsule has also not been sufficiently 
evaluated in the publications mentioned. 

The investigations made on the distribution of the dose of X-rays 
have been extended to tliat of radium and mesothoriura. Although 
the experimental investigations of all the factors to be considered in 
this section, for instance filtration, have not as yet been concluded, 
we deemed it advisable to communicate the results of the measure- 

i B. Kropiii^ iind J. Koenigalwrger, Dt. nied. W. 1&14, No. 15/10, 

>E. V. Seuffert, ExperiineriteUe unci klin. UntprsucliUTigen uaw., Urban 1 Schwarzen- 
berg, 1917. 

3 E. Kehrer, M. med. W. 1919, Ko. 27. 

4 E. Kelirer. Die wisaenacbaft lichen Qrundlagen utid Richtlinien der Radium behandlung 
del Uteruskarzinoma. F. f. Qyn. 108, H. 2 und 3. 

5 L. Adier, Die Radiurabeh and lung nmligner TumoreTi in der Gynakologie. 4, Sonder* 
band der Strahlenthempie. Urban & Schwarzenberg, Berlin, 1919; 
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ment of the distribution of the dose on account of the great urgency 
and importance of the matter. 

The method of measuring employed in these investigations ad- 
heres closely to that described in the distribution of the X-ray dose. 
Preliminary experiments had shown that water possesses the same 
properties of absorption of gannua-rays in tlie mean as the average 
human tissue. Therefore water was also used in these experiments 
with gamma-rays. 

The method of measuring the distribution of the dose w^as the 
ionization method. The ionization chamber was built as small as 
possible and could be inserted into the phantom like a probe into a 
body cavity. Therefore the dose could be measured at any point 
desired within the radiated water. The details are described in the 
following paragraph. Fig. 74 is a schematic reproduction. 

Tr. is a glass vessel 40 cm. long, 30 era. high and 30 cm. wide. The 
ionization chamber K was placed in the center of the vessel. The 
w^all of the ionization chamber w^as made of aluminum sheeting 0.2 
mm. thick. The electrode also consisted of a thin aluminum rod* 
The use of aluminum in the construction of the chamber does not 
harbor any sources of error if the hardness of the rays to be meas- 
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Fig. 74. 



ured remains approximately the same. The air volume of the cham- 
ber was 0.5 ccm. Two conductors were attached to the ionization 
chamber. They were well insulated with amber and paraffin and 
tightly fixed in the walls of the glass vessel with hard rubber plugs. 
One of the conductors was connected to a storage battery of a 
potential of 200 volts and served to cliarge the electrical field neces- 
sary for the production of the saturation current In the ionization 
chamber. The other conductor, 2.50 meters long, formed the connec- 
tion between the inner electrode of the ionization chamber and the 
electrometer E. We used a Wilson electrometer. The position of the 
gold leaf could be determined with the reading microscope M which 
"was provided with a scale in the occular. Thus the electrical tension 
in the electrometer could be measured. The switch Seh served to 
ground the electrometer system. It was enclosed in a metal case 
which was grounded to avoid electrostatic disturbances. The im- 
bedding of the conductors in paraffin, the empkwment of a heav\^ 
sheet iron case lined with pasteboard to enclose the electrometer and 
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the grounding device served tht? purpose of reducing to a mininium 
any undesirable radiation and ionization in the conductors and the 
eleetrometen The radio-active preparation Ra was attached to a 
holder made of tlun aluminum, which could be placed at any desired 
distance in relation to the ionization chamber. A scale of celluloid 
permitted to measure the dijstance of the eapsuh^ from the ionization 
chamber. The glass vessel was filled with water during the experi- 
ments for the determination of the distribution of the dose in the 
intracorporeal applications of radio-active substances. Thus the 
ionization chamber was surrounded on all sides with a layer of water 
10 cm. thick. Fig* 75 represents a photographic reproduction of the 
measuring apparatus- 

The measurements were taken so that the time was observed in 
which the electrometer leaf showed an excursion equal to four 
divisions of the scale by ionization of the air in the chaml)er. Start- 
ing with a position of the ionization chamber at a distance of 1 cm* 



ii^ 



FiQ. 75, 



from the longitudinal center of the capsule, the latter was always 
moved one or two centimeters farther from the chamber and the 
time determined for the excursion of the leaf through four divisions 
of the scale* After each measurement^ for the purpose of control, a 
reading was made with the radium capsule in the starting position. 
The time periods consumed are inversely proportioiuil to the dose 
which a volume of tissue or snbstance corresponding to that of the 
ionization ctiamber absorbs within the same period of time. 

As sources of errors cannot be avoided with the use of electrosta- 
tic methods, especially in the measurement of gamma-rays of radium 



APPENDIX 



245 



and raeso thorium, they were determined by preliminary tests and 
entered in the final values. 

The most important sources of errors are : 

1. The rnfJesired Radiation, — The deflection of the electrometer 
leaf does not solely depend on the direct radiation which enters the 
ionization chamber. An undesired radiation is added by ionization 
of the air spaces in the paraffin of the conductor and the air in the 
electrometer ease. To render this undesired radiation as small as 
possible special care was taken that the paraffin filled the conducting 
tubes as completely as possible to obviate any small air spaces and 
that the electrometer was placed at a relatively ^reat distance from 
the radio-active preparation. Comparing the proportionately large 
air volume of the electrometer with the minute air volume of the ioni- 
zation chamber it is evident that the undesired radiation is quite 
considerable in spite of the great distance of the electrometer from 
the radiation source. As tlie time within which an excursion through 
four divisions of the scale is measured appears too small, due to the 
action of the undesired radiation, the time must be proportionately 
increased in the final correction, 

2. Infmlation, — Another source of error is found in a defective 
insulation of the electrometer system. The insulation of our instru- 
ment was of a dependable quality, as amber and purified paraffin 
were used as insulation materials. A glass disc filled with concen- 
trated sulfuric acid was placed in the ease of the electrometer to 
remove all moisture. Defective insulation causes an increase in the 
time duration within which a dose is measured, as part of the charge 
when it travels to the electrometer is always lost by a defect in the 
insulation. The time measured must be correspondingly reduced in 
the final correction. 

3. Errors of ihr Dielecfric.—Tbe dielectric error is intimately 
connected with the insulation error. Part of the electric charge 
creeps into the dielectric during the charging of the system, to leak 
out during the grounding. If one starts the measurements Avith the 
unpolarized state of the dielectric, too long a time for the dose mil 
be measured the same as if part of the charge had become lost by a 
defective insulation* The time measured must be reduced by a 
proper correction. However if a measurement is taken shortly after 
the dielectric has become polarized the reverse will take place. By 
experiments it was demonstrated that the error of the dielectric in 
the measurements may he reduced to a negligible size if long inter- 
missions are inserted between the indi\ndual measurements. Errors 
of the insulation and the dielectric influence the behavior of the 
electrometer in a manner directly opposite to that of the undesired 
radiation. The experiments showed that the undesired radiation 
does not only equal but surpass the loss caused by defective insula- 
tion and dielectric. A subtraction or addition in time due to the 
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errors was made before and after each series of meBBOnamtm and 
considered in the final determination of tJie dose. 

4. Finally the error must be mentioned arising from an inacirrect 
reading of the mieroseope and from an inexact adjuMment of the 
dl^tane^ to be maintained between the radimn eaps^e and the ioniza- 
tion chamber. These, however, may be neg^eeted. Proper exactziesa 
and earefolnegg in adjastment and reading shonld prevent such 
errors. 

TABLE n 
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The reFoltF of a few tests are reprodneed in Table 19, They were 

made with a mef^othorinm capsiile of a radio-activity of 46.46 mg. 
radium element. It was eneloged in a silver capsular eontainer Z2S 
cm. long and of a diameter of 0.46 cm- This was inserted into a 
filter capsule made of brass of a wall thickness of L5 mm. to arrest 
the primar}^ beta radiation. In the first column the distances of the 
ionization chamber from the preparation are entered: in the seoond 
the values of the dose in per cent of the dose measured at a distuioe 
of 1 cm. from the radio-active preparation which was placed at 100; 
the third contains the dose calculated from the laws of distance and 
absorption also in per cent of the dose at a distance of 1 cm- In the 
last column the difference in the measured and calculated doses is 
entered in per cent of the calculated dose. 

We see from the table that the secondary radiation arising in the 
radiated tissue or water by the action of radium or mesothorium dur- 
ing its application possesses a remarkable influence on the size and 
distribution of the dose. The portion due to secondary radiation ib 
comparison to that due to the primary raiiiation is the larger the 
greater the distance from the radium capsule grows, Tlje latter is 
commonly kno^Ti as the focus skin distance in X-ray therapy. In 
this instance of intracorporeal application the ratio increases from 
0.5 to 79.5% of the calculated dose. 

To prove that in these tests the secondary rays arising in the 
radiated area of the water cause the difference in the measured and 
calculated doses, we add in Table 20 the results of an experiment in 
which the decrease of the dose with increase in distance of the cap- 
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sule from the ionization chamber was measured in the empty phan- 
tom. This table also serves as an illustration of the metHod of 
reading the vahies and of correcting the error due to undesired 
radiation, defective insulation and dielectric, in the final values of 
measurement 

TABLE 20. 
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Columns 1, 5 and 6 have the same measuring as columns 1, 2 and 
3 of Table 19, The values in column 6 were obtained by calculation 
according to the law of squares. Column 2 contains the time values 
in seconds within which the electrometer leaf passed throup^h four 
divisions of the seale. Column 3 shows the values of the undesire*! 
radiation, while column 4 presents the final values wnth the correc- 
tions based on the sources of errors. 

The minute secondary radiation and the slight absorption of 
gamma-rays in the air are of sueh small importance that the meas- 
ured values conform closely to the values calculated from the law of 
distance. 

In medical practice, especially in the treatment of carcinomata of 
the uterine body, it is often necessary to use several preparations of 
radium or mesothorium to increase the length of the radiation field 
to such an extent that it conforms to the size of the growth. The 
increase in the length of the radium carrier causes a further differ- 
ence in the actual values of the distribution of the dose from those 
calculated according to the formula given in a preceding paragraph 
and based on distance and absorption. This difference in the caleu- 
lation from the measured values is dependent on the influence of the 
secondary radiation and on the fact that the source of radiation has 
always been assumed to be a point or spherical body. The influence 
of the geometrical form of the radio-active capsule on the values of 
int^isity may be calculated. However, it appears to be much more 
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exact to determine it experimentally. We employed for this pur- 
Ijose three capsules of mesothorium each of about the same length 
and strength. They had approximately the size of the capsule de- 
scribed above. The three capsules were placed in a brass capsule 
of a thickness of 1.5 mm. and a length of 8,2S cm. The measurements 
were executed in the same manner as previously described. The 
decrease of the dose vdth the increase in distance from the radiation 
source was determined in the center of the longitudinal axis of the 
applicator. The measurements were first made in the empty phan- 
tom. The results are shown in Table 21. The interpretation of the 
table is the same as that of Table 20. 
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From the table it is seen that a considerable difference exists 
between the measured and calculated values. The latter were ob- 
tained from the laws of squares assuming that the source of radiation 
is of a spherit'al form. 

The secondary radiation emitted from the radiated tissues, in this 
instance the water, mnst be added to these values when such extensive 
and strong preparations are employed in treatment. The distribution 
of the dose from such long applicators is depicted in the following 



table. 
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It is shown that even more considerable differences between the 
measured and caUmlated doses exist than seen in Table 20* At a 
distance of 5 cm. from the center of the radiation source the differ- 
ence is 113.5 per cent of the calculated dose. 
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To render a graphical presentation of the distribution of the dose 
in radiated tissue one proceeded with the conception that the equal 
intensity curves of like doses in a body, which we may term **iso- 
doses/* are spheres which surround the center of the preparation 
eoneentrically. Adler has considered the form of the radiation source 
in so far as he assumed the isodoses to be of a cylindrical form with 
semicircular ends, the curves surrounding the capsule parallel to its 
surface. From a theoretical consideration or viewpoint this should 
be correct, riawever, the isodoses of such strong capsules as are 
used in deep therapy must deviate from the circular or cylindrical 
forms, for the influence of the size and form on absorption differs 
accordingly whether one starts the measuring from the center or 
from another point of the source of radiation. The absorption of 
the high atomic radio-active salts in the direction of the longitudinal 
axis must be of special significance for the course of the equal in- 
tensity curves. 

We, therefore, measured the decrease of the dose \^^th distance 
at differently located points for the small and large radio-active 
capsules. Besides the determination of the intensity in the direction 
vertical to the center of the longitudinal axis, we also performed 
them at the ends vertically to, as well as in the direction of the 
longitudinal axis. The results of these measurements with the small 
capsule are given in Table 23. 

The second column gives the doses vertically to the center of the 
longitudinal axis in per cent of the dose at a distance of 1 cm* In 
the third column the corresponding values are entered measured 
vertically to the end of the longitudinal axis also in per cent of the 
dose in the center of the capsule at a distance of 1 cm* The last 
column contains the values of the dose in the direction of the longi- 
tudinal axis again in per cent of the dose at a distance of 1 cm. in 
the center of tlie longitudinal axis. 

We conclude from the table that the decrease of the dose with 
distance at the end of the capsule, vertically to, and in the direction 
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of the longitudinal axis, differs from that measured in the center. 
The decrease at the ends is a more gradual one. Fig. 77 represents 
tlie values of the tables in graphs. 
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The results obtained with one capsule permit the conclusion that 
the deviations must be still more pronounced with the more extensive 
radiation source. Besides the intensities already determined with 
the large radium carrier, the decrease of the dose at a point midway 
lietween the center and the end was obtaine<L The results of all the 
measurements of the large carrier are given in the following table. 
All values are expressed in per cent of the dose at a distance of 
1 cm. from the center of the longitudinal direction of the carrier* 
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TABLE 24, 
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A perusal of the table confirms our assumption of the greater 
influence of the length of the source of radiation on the distribution 
of the dose. Fig. 77 presents the graph of these values. 

By means of these results we are now placed in a position to plot 
the isodoses, i.e., the equal intensity curves for both radiation carriers. 
We proceeded in the manner that we took from the graphs the corre- 
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sponding distances within which the values of the dose, relative to 
the dose of 100 measured at a distance of 1 cm. in the center of the 
radiation capsules, were 90, 80, 70, 60, 50, 40, 30, 20, 10 and 5 per] 
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cent. The values for the higher numbers have been determined by 
extrapolation from the course of the graphs. These values, espe- 
cially for the long preparation, are fraught with a certain inaccuracy 
of the extrapolation and therefore cannot be plotted with any degree 
of exactness. In the accompanying illustrations of the isodoses the 
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values taken from the extrapolation of the curves are entered in 
interrupted lines. 

In Fig. 79 the isodoses of the smaller preparation are dra^Ti in 
natural size. Studjdng the course of the curves we see that the iso- 
doses do not run parallel to the surface of the radiation capsule* This 



Kj«. 79. 

is especially seen in the curves of the higher values. The farther 
we move away from the radiation source the more the curves ap- 
proach a circular form. The course of the isodoses at the ends is 
especially remarkable. The isodoses 100 and 90 enter the radiation 
capsule, while those of 80, 70, and so forth, approach the ends. This 
observation is of importance in therapy as one may deduce therefrom 
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that a region of tissue which lies close to the ends receives a much 
smaller dose than the region lying close to the center of the prepara- 
tion. At the latter point according to the course of the isodose the 
decrease of the dose with distance is much more gradual, hence the 
dose applied within the same time duration is very much more 
intense. 

Fig. 78 shows the isodoses for the long preparation. Their course 
close to, and farther away from the radiation source, is analogous 
to tliat in Fig, 79. The deviations of the ein^a^s from the course 
parallel to the surface of the capsule are much more marked. 
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In the observations hitherto made we have placed the dose at 100 
at a distance of 1 cm. from the middle of the i)reparation whether 
measured in air or in water. We did this to be independent of the 
radio-activity of the preparations used. In the calculation of the 
dose according to the formula given in the beginning of this chapter 
the intensity of the impulse without absorption in 1 cm. distance is 
equal to the number of milligrams of radium broniid or, according to 
Kehrer, equal to the number of milligrams of element contained in the 
capsule. The absorption is calculated at 10 per cent per centimeter 
of tissue traversed and entered in the calculation of the dose. 

The importance of the influence of the secondary rays on the dose 
let it appear as probable that the secondary radiation must also be 
considered in the absolute value of the measured dose. To prove 
this we conducted special tests in the manner that we determined the 
dose at 1 cm. distance in the phantom filled with air and then with 
water. In the empty phantom the time was 16.4 seconds \nthin which 
the leaf of the electrometer passed through four divisions of the 
scale; in the filled phantom it was 15.2 seconds. The error of un- 
desired radiations does not have to be considered in such short time 
periods. It is seen from these time values that the secondary radia- 
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tion of the radiated water does not only equalize the absorption bnt 
is about 8 per cent higher than the value calculated from the radio- 

16,4 
active strength of the preparation. x 100 ^ 108. 

15.2 
Therefore, if we place the dose in air at 100 at 1 cm, distance 
from the middle of the preparation, then we must place the dose 
measured in water at 1 cm. distance as 108 in comparing calculated 
antl measured doses. Table 19, therefore, must be changed as shown 
in the following table. 
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Tt is self-evideiit that the Talues of the secondary radiations at a 
distance of 1 cm. are of a marked importance which must he expressed 
as a difference of the calculated and measured doses. It should not 
be neglected in therapeutic applications. The isodoses thereby are 
not changed. The following table contains the corresponding values 
for the long radium carrier used in these investigations. 
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of calculated dose 

20.0 

70.8 
107.2 
143.5 
156.5 
206.5 
300.0 
357.0 



Tt follows from these investigations that the secondary rays and 
the geometrical size and form of the radiation capsule are of great 
importance in the determination of the absolute values and of the 
distribution of the dose in intracorporeal treatment with radium or 
mesothorium. These factors must always be taken in account in the 
propounding of biologic laws and in the conclusions based thereon. 

Conclusions: 

1. The calculation of the distribution of the dose iii the intracor- 
poreal treatment \^ith radium from the laws of distance and absorp- 
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tion is incorrect, as the secondary rays arising in the radiated tissues 
and the geometrical form of the radium or mesothorium capsule are 
not considered. 

2. The expression of the actual value of the dose in milligram 
hours of radium element is erroneous as, here also, the influence of 
the secondary rays is not taken into account. The value of the 
secondary radiation is so great that it not only equals the loss by 
absorption, but results in higher values for the total dose. 

3. The curves of equal intensity, which have been designated 
**isodoses,'' do not take a course parallel to the circumference of the 
radiation capsule, but evince a course deviating quite markedly from 
that of the surface of the radium capsule. 



THE DETERMIXATIOX OF EQUAL INTENSITY CURVES 
(ISODOSES) OF SHORT RADIUM CAPSULES 

BY HENRY SCmilTZ AND ERICH HUTH* 

The researches carried on by W. Friedrich and 0. Glasser on the 
** Distribution of the Radiation Dose in Intracorporeal Radium and 
iiesothoriuni Therapy/' with preparations ut' niesothoriuiu capsules 
of a length of 2.8 em,, and a thickness of 0.46 ein. led to the observa- 
tion that the geometrical size and form of the radium or mesothorium 
capsule and the scattered rays of the irradiated tissue are of con- 
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Fig. 1^0. ^Same as Fijj. 77 in German text.) 

siderable importance in the distribution of the dose. It was therefore 
thought to be of interest to determine the course of the isodoses, 
i.e., the curves of equal intensities of the short radium capsules 
customarily used in the United States of North America. 

The measurements were carried out on two capsules each posses- 
sing a radio-activity of about 25 mg. radium element. They have 
the following construction and dimensions: The outer silver capsule 
is 16 mm. long and 4 nnu. in diameter. It encloses a glass tube of a 
length of 8 mm. and an external diameter of 2.4 mm., which contains 
the radium salt of a purity of -f 95%. The radium fills the glass 
capsule firmly and uniformly. The thickness of the wall of the silver 

• From the Radiologic Institute of the University Freiburg i. Br., Director Prof. W. 
Friedrich, 
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eapsule is 0,5 mm. except at one end where the capsnle is closed with 
a solid silver screweap of a length of 7 mm. It was to be expected 
and confirmed by the Investigations that the heavy silver serewcap 
would liave a marked influence on the course of isodoses or equal 
intensity curves. The radium capsules were enclosed in a brass filter 
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Fio. 81. (Sftine as Fig. 70 in Gorman text) 

of a wall thickness of h5 mm, as is customarily done in therapeutic 
radium applications. Fig. 80 represents the arrangement of the cap- 
sules in the filters and also indicates the directions irf which the in- 
tensities and tlicir decrease with increasing distance were measured. 
If only one capsule was used then the distribution of the dose was 
measured in the direction of the longitudinal axis at both ends, that 
is, the end formed of 0,5 mm. silver and the one closed with the 7 mm. 
silver serewcap. If both preparations were used then the two silver 
capsules were arranged in the brass filter so that at one time the two 
silver screwcaps were placed at the ends and at another time in the 
center as seen in Fig. 80, 

The details of the measurements were essentially the same as 
those employed and described by Friedrich and Glasser in the pre- 
ceding chapter. The radium preparations were plared in a water 
phantom during the measurements. They were surrounded on all 
sides with a layer of water at least 10 cm. thick. Thereby the same 
conditions of absorption were maintained as in intracorporeal radium 
therapy since the absorption of the gamma- and scattered*rays in 
water is in the mean the same as that in human tissue- A small ioniza- 
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fion chamber of a volume of 0.5 ccui. was placed in the middle of the 
glass jar. The ra<lium capsule could be brought in every desired 
position in relation to the ionization chamber by moving it along 






in Geramii text.) 
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connected is^ith a storage battery of 160 volts, the other was connected 
to the electrometer with a brass wire conducted through a brass tube 
1,5 meters long and insulated with powdered c* p. sulphur, which was 
carefully and firmly packed in the brass tube to exclude all the air 
from the insulation. The electrometer was kept at a voltage of 360 
by a storage battery. It was placed in a box of thick pasteboard 
covered with zinc sheeting, which was grounded. This box was sur- 
rounded by a larger one covered with tinfoil The space between the 
two boxes was firmly packed with cotton to protect the electrometer 
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as much as possible from external influences of temperature and 
moisture. See Figs. 75 and 76. 

The time was obser\"ed within which the gold leaf of the electrom- 
eter by a charge through the ionization current passed through five 
divisions of the scale contained in a reading microscope. The ob- 
served time periods are inversely proportional to the dose which an 
area in the body corresponding in size to the volume of the ionization 
chamber receives w^ithin the same time. The sources of errors always 
present in ^\w\\ an apparatus have lieen fully considered in the mono- 
graph of Friedrich and Olasser. The undesired radiation must always 
be taken into consideration. It results from the action of the rays" 
on the conductors and the electrometer whereby the discharge of the 
gold leaf is accelerated. The undesired radiation was determined 
before and after each series of measurements and entered in the final 
calculation of the measurements- 
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taking into aecoiiDt any eliaiige in sensitiveness of the apparatos, 
P^iiially the values for the decrease of tlie dose with distaiiee pre- 
viously obained were eorresirondhigly correeted and expressed in 
percentages of the dose in the direction I, 1, a» Fig. 80. The foOow- 
ing table is an example of a complete series of measurements with 
the final compotatioii of the eomparative values. Tables 2S, 29 and 30 
give the corrected and the final comparative values for all the direc- 
tions indicated m Fig. 80. 

The distances were next entered on the abscissa and the per- 
centages on tlie ordinate and the final values of intensities entered^ 
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TABLE 30. (Sanie as Table 4 in German text.) 

given under B in Tables 28, 29, 30. See Figs. 83, 81 and 80. From 
the graphs thus constructed the distances in centimeters were taken 
at which the doses or intensities amounted to 100, 90, 80, 70, 60, 50, 
40, 30, 20 and 10 per cent. The values in centimeters were then 
plotted to construct the curves of equal intensities or isodoses as 
seen in Figs. 84, 85 and 8G. Values greater than measured must be 
plotted by extrapolation, hence can only be given with an approxi- 
mate exactness. 

Studying the results obtained it is seen that in one of the prepa- 
rations, namely I, 1 a, the decrease of the dose with increase in dis- 
tance measured in the center vertically to the longitudinal axis 
corresponds ahnost exactly to the decrease of intensity calculated 
from the law of squares. In this particular instance the increase 
in the dose due to the scattered rays in the irradiated water is appar- 
ently equal to the decrease of the intensity caused by absorption in 
water. "WHien using one radiimi capsule the isodoses run an oval 
course within a short distance from the radiation source and then 
approach rapidly the form of a sphere at the low percentages of 30, 
20 and 10. The oval course of the isodoses and the eccentric position 
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of the radium eapsiilo therein niii^t be attributed to the seeortdary 
rays emitted from the massive silver screwcap which must be con- 
siderable in proportion to the total radiation. This is substantiated 
by the observation that the isodoses 30, 20 and 10 mm. run practically 
concentric in reference to the center of the radium salts R. The iso- 
doses for the higher percentages in the direction of the longitudinal 
axis do not enter the capsule proper as they do in those obtained by 
Friedrich and Glasser, This may be explained by the considerably 
higher ratio existing between the length and the diameter of the 
radium capsules. The ratio is 3.33 to 1 in comparison to that of the 
German preparations which is about 6 to 1. 

The course of the isodoses is especially noteworthy when two 
radium capsules in d filter are used. It almost approaches a rec- 
tangle for the values 100 to 40 and probably results from the action 
of the secondary rays arising in the solid silver cap. That the softer 
secondary radiation of the silver is concerned appears to be sub- 
stantiated by the more rapid decrease in the intensity of the radia- 
tion at the corresponding portion of the curves. 

It is also evident that the special form and construction of the 
radium capsules, especially when a combination of two capsules is 
used are responsible for a remarkably uniform distribution of the 
dose in tissues. For instance, if two radium capsules are arranged 
as in Fig. 86, then an almost e<r|ual distribution of intensity is attained 
on the surface of a cylinder of a length of 4,5 em. and a diameter 
of 2 cm. corresponding to the isodose 100. AVith the arrangement 
of Fig. 85 the same isodose forms a cylinder of a length of 4 cm* and 
a ^idth of 3 em. 



THE IMPORTANCE OF Fn.TRATION ON THE DOSE IN 

INTRACORPOREAL APPLICATIONS OF RADIUM 

AND MESOTHORILUr 

BT OTTO OLASSER 

Tlie use of filters in radium and mesothoriom therapy is necessary 
to arrest the soft components of the radiation and thereby avoid the 
undesirably intense surface action and improve the quotient of the 
dose< A variety of metals has been selected for this purpose; the 
selection was based on purely empirical observations. Such an em- 
pirical method is fraught with a number of uncontrollable factors 
which may play an important role and contribute to undesirable and 
dangerous side actions in therapy. One of these factors is the sec- 
ondary radiation arisius^ in the filter. Its influenee on the deep dose 
has as yet not been clearly explained. To iuierpret its significance 
one must possess a knowledge of the different components of the 
secondary filter radiation and of their participation in the deep dose. 

The filters are employed to arrest the primary soft beta rays 
which possess a low penetration and thereby prevent their absorption 
in the upper layers of the surface tissue. Metal filters have been 
chosen for this purpose, mainly for practical reasons as thereby the 
thickness of the filters may be markedly reduced. Besides tbe 
primary gamma-rays, the different components of the secondary 
radiations emerge from the filters. These are: 

1, the scattered rays, 

2, the secondary beta or corpuscular rays, and 

3, the characteristic secondary rays. 

A study of these components in relation to the atomic weif^hts of 
the filters ^ill furnish an idea of their influence on the deep dose. 

Scattered rays form when the projected primary rays strike the 
atoms of the filter. The primary rays are thereby deflected from 
their straight paths emerging in all directions. The hardness of the 
scattered rays is the same as that of the projected primary rays* 
The influence of the scattered rays on the size of the deep dose de- 
pends on the atomic weights of the filter substance. The higher the 
atomic weight, the larger is the scattering coefficient and the greater 
also is the absorption of the scattered rays in the filter substance. 
Consequently tlie total sum of scattered rays emerging from filters 
of low atomic weight is greater than that of filters of high atomic 

• Strahlentherapie. Vol. XII. 1921, page 266. 
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weight. This fact plays a very important rale in deep therapy and 
we call attention to the exceedingly important increase in the size 
of the dose dne to the inflnence of the scattered radiation in human 
tissue as sho\\'n in the reports on radium and X-rays of Kroenig and 
Friedrich/ Seitz and Wintz, Glocker, and 0- Glasser,* 

The secondary beta-rays also arise in the filter. They are very 
soft. AU of the secondary beta-rays, except those forming in the 
most peripheral parts of the filter are absorbed in the latter. The 
beta-rays of the outer layers of tlie filter emerge and become active 
in the immediate neighborhood. If the filter is in actual contact 
with human tissue, then the soft secondary beta-rays are absorbed 
in the most superficial layers of the human tissue, where they exert 
an intense biologic action, as has been experimentally proven by 
Kroenig and Friedrich. In deep therapy it is therefore necessary 
to reduce to a minimum the beta-rays by an additional filter of cellu- 
loid or pure rubber. The secondary beta-raye do not possess any 
influence on the size of the deep dose on account of their great absorb- 
ability. The hardness of the secondary beta-rays is also dependent 
on the atomic weight of the filter — it increases with an increase in 
the atomic weight. 

The characteristic secondary radiation is set up in the filter. 
Every element that is struck by a radiation of a hardness character- 
istic for the same is capable of emitting a characteristic radiation 
if the exciting primary radiation is of a shorter wave length than the 
excited secondary characteristic radiation. The hardness of the 
latter generally increases with an increase in the atomic weight of 
the filter. Numerous investigations' and theoretical discussions* 
have dealt with the influence of the characteristic radiations on the 
deep dose. It appears that the importance of the characteristic 
radiation has been very much exaggerated. However, the basis for 
the theoretical discussion of Grossmann, and the biologic investiga- 
tions of Kroenig and Friedrieh, and of B. Lenk, form exceptions. 
They arrived by means of biologic experiments at similar results as 
were obtained by the physical investigations described in this paper. 
From a purely physical standpoint it appears that the characteristic 
radiations cannot appreciably increase the deep dose. 

Another matter of importance is the influence of the increase of 
the geometrical size and shape of the radio-active source — which have 
become considerably augmented by the characteristic filter rays — on 
the decrease of the dose with distance in the depth* Friedrieh and 
Glasser in the paper mentioned referred to the fact that the decrease 

1 B, Kroenig and W. Friedrieh : 'THe phjtikaltBchen und biologiaeben GnindU^cn der 
Strahlentherapi©.'' English Translation, Rebman Comptny, New York, 

* W. Friedricb und 0. Glaaser: 'iJber dte DoBenTerblltniBee b«i iiitrakor|>oraler Radium 
tuid Meaothortumtherapie." Strablentherapie, 1920. Vol. 10, page 20. 

> R. Lenk, Zur Fra«^ der FilterBekundtrstrahlen. Strahlentherapie. Krocniggedenk, 
band 11 (Vol. 2, page 1), 1920. 

4 W, Friedrieh und O, Glaaeer, Strahlentherapie, 1^20. (Vol. 2, page 20, J 
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of the dose of radio-active substances depends on the geometrical 
form of the radio-active capsule as well as on distance, absorption 
and scattered radiation. Since the characteristic radiation of the 
filter causes an increase in the size of the radiation source, it will 

be instrumental in bringing about a decrease of the intensity of the 
dose in the deeper tissue different from that of a capsule which has 
been inserted in a filter devoid of characteristic rays. 

Considering the purpose and action of the filtration of radio- 
active substances and the influence on the deep dose, it may be stated 
that the soft beta- and some hard gamma-rays components are ar- 
rested by filtering. In deep therapy the thickness and atomic weight 
of the filter are selected so that only the hard gamma-rays pass 
through the filter, while the softer rays are arrested. The hard 
gamma-rays and the scattered radiation essentially determine the 
size of the deep dose. The characteristic radiation of the filter 
material may also participate in the production of the deep dose. 
The primary and secondary beta-rays are reduced to a negligible 
quantity (by means of a filter and an accessory celluloid filter), 
thereby avoiding injury to the surface tissue. They have not any 
influence on the size of the deep dose. 

Investigations were performed to determine experimentally the 
correctness of these conclusions. Filters of extreme thicknesses and 
of high atomic weights were used (lead filters of 0.8 and 10 mm,, 
brass filters of 1.5 nun. and aluminum filters of 10 mm. thickness). 

The same method of investigation was used for these experiments 
as had been employed in the determination of the distribution of the 
radiation dose m tissue described in detail on a previous page. The 
procedure is based on the ionization method- 

The measurements were performed as follows: A preparation 
of mesothorium equivalent to 45,5 mg, radium element, enclosed in 
a silver capsule of a length of 22.5 mm,, was inserted in a brass filter 
capsule of a waU thickness of 1.5 mm. The center of the long side 
was placed at a distance of 2 cm. from the center of the ionization 
chamber. The time was then measured within which the leaf of the 
electrometer passed through five divisions of the scale. Next, the 
brass filter capsule was exchanged for an aluminum filter capsule 
of a wall thickness of 10 mm., then a lead filter of 10 mm., and finally 
one of 0.8 mm. The filters were placed exactly as in the first measure- 
ment and the time measured for equal excursions of the leaf of the 
electrometer. 

The influence of the sources of errors (undesired radiation, di- 
electric and insulation defects) on the excursion of the leaf of the 
electrometer was determined and considered in the calculation of 
the results. The resultant values are : If the charging time for five 
divisions of the scale, by the mesothorium capsule inserted in a 1.5 
mm. brass filter equals 1, then the time for a 10 mm. aluminum filter 
is 0.9, for 0,8 mm. lead 1.08, and for 10 mm. lead 1.75. These values 
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conform closely to those obtained by W. Friedricb with the biologic 
method. 

The radiation filtered through heavy lead of high atomic weight 
suffers a considerable loss* An influence of the characteristic lead 
rays on the dose is not discernible at a distance of 2 em- 
it is not possible to state from these results whether a character- 
istic lead radiation is excited or wliether its influence on the dose 
cannot be recognized due to certain factors, for instance absorption* 
To answer these questions a determination of the decrease of the 
dose with distance was made. The capsule, inserted in a filter, was 
carefully placed at known distances from the ionization chamber and 
the time necessary for the excursion of the leaf through five divisions 
of the scale determined for each distance. The details of the measure- 
ments and the amoxmt of the sources of errors, and so forth, were the 
same as in the previous measurements- The* same capsule of meso- 
thorium was used. A difficulty arose from the fact that the center 
of the capsule could not be placed at the distance of 1 cm. from the 
ionization chamber on account of the thickness of the filters. For 
this reason the measurements were begun at a distance of 2 em. The 
values obtained at 3, 4, 5, 6, 8 and 10 cm. respectively were expressed 
in percentages of the values at 2 cm. The first column gives the 
distances in centimeters between the center of the capsule and the 
ionization chamber ; the second column represents the values of the 
dose at the various distances for the capsule filtered with 10 ram* lead 
in per cent of the dose at a distance of 2 cm. In column three the 
corresponding values of the dose for the preparation filtered with 
L5 mm. brass are contained. 
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From the table may be seen that if the dose obtained at 2 cm. 
with the lead as well as brass filter is placed at 100 and the doses 
at the other distances are expressed in per cent of the 2 cul values, 
then the values of the doses for the rays filtered ^ith lead decrease 
more rapidly with distance than those for rays filtered with brass. 
If a characteristic radiation is excited in the lead then the more rapid 
decrease of the lead filtered rays as determined by these experiments 
may be explained as follows: The rays after passing through the 
lead contain a larger percentage of soft rays than the brass filtered 
rays. The stronf;er absorption in the tissues of the soft rays results 
in a more rapid decrease of intensity. 
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Fig. 1. 
Comparison of Kietdjcick dosimeter with the improved lontoquantimetcr. 
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Fig, 2. 
Sensitiveness of Kienbock dosimeter. 
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and time duration of application. 
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Day of Radiation: 31 a if Si, 




Plate XXL 
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Findinsfs 9 davs after radiation. 




Fia. 2. CoDtrols. Radiation with unipulse- Radiation with aj>ex- 
instrumentarium* instrymrntarium. 



Findings 17 davs after radiation. 
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Fro. 3. Controls. 



Radiation with unipulse- Radiation with apex- 
instniment/iHuni. instrumentarium. 



Comparative ohservations on the intensity of the biologic aetion of 

tiltercd X-rays of like dories, like duration of application 

but different intensities and light interruptions. 
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To avoid fine, this tx)ok should be returned on 
or before the date last stamped below. 
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